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INTRODUCTION 


The automobile is the latest achievement of 
that gen&ral movement throughout history which 
has for its object the annihilation of space by man. 
To conquer distance has been one of the great prob¬ 
lems of life. From his creation man has struggled 
to harness the forces of nature; but down to the last 
century he has been seriously fettered and his 
development mercilessly hampered by his limita¬ 
tions. Man wants physical individual transporta¬ 
tion. The steamboat and the railroad have par¬ 
tially accomplished this; they carry their hundreds 
of thousands of passengers daily. But while man 
may go in them to the ends of the world, he can not 
go subject to his own volition alone; he must go 
with others, as one of a thousand, as one of a herd. 
The more one thinks of these conditions, the more 
one is forced to the humiliating realization that in 
the method and control of individual transportation 
there has been practically little advance since the 
days of the Greek runner or the Roman chariot. 
We marvel at modem invention, and we pity the 
condition of our early ancestors; yet we still plod 
along at the same old rate of eight miles an hour, a 
speed equaled from the beginning of history by 
runners, horses, dromedaries, and elephants. At 
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last the automobile has been invented. Let us hope 
it will emancipate us from the fetters that have 
hound us these thousands of years, and that it will 
soon carry us over the entire face of the earth, an¬ 
nihilating space and time at our will. No power on 
earth can take its place, unless it he the invention 
of successful air-ships. 

That the automobile is part of the world’s 
progress, and has come to stay was at first neither 
understood nor appreciated by the public in Ameri¬ 
ca_ a country where new ideas and inventions are 

usually readily appreciated and eagerly exploited. 
Let me cite a few instances of the way the metropo¬ 
lis of America—the center of brains and wealth in 
this country—met the new idea. The city authori-. 
ties insisted that the steam automobile was tech¬ 
nically a locomotive, and required, therefore, that 
a guard he sent a hundred feet in advance, wa¬ 
ving a red flag to warn the unprotected populace 
of its approach. Unsuccessful in this method of 
“regulating” the new “monster,” they adopted 
another plan, which, though a farce in practise, 
they seriously enforced. A rule was passed that 
all steam automobiles should be inspected by the 
appropriate city department, and that no one 
should operate such a machine without an en¬ 
gineer’s license. At first it was thought impos 
sible to get around this order, as an engineer’s 
license could be obtained only after several years’ 
apprenticeship as a fireman. But in America, 
foolish and obnoxious laws which are contrary to 
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the spirit of fair play are always evaded or dis¬ 
obeyed. Accordingly it was discovered that a 
little city on the Hudson had different license re¬ 
quirements, a mild examination and the payment 
of a small fee being all sufficient. As between na¬ 
tions, so between cities, the spirit of comity pre¬ 
vails ; the applicant presented the certificate of the 
little city to the officials of the big city, and after 
a perfunctory examination of what a boiler was, 
how steam was generated, and what should be done 
to put the fire out, was duly recognized by them as 
an engineer. 

The following was still another method devised 
to harass automobiles: The Park Commissioners 
decided that the parks were meant for horse-drawn 
vehicles and children, and that as the admission of 
the automobile would be a menace to their safety, 
it should be entirely excluded. The numbers of 
automobilists had now become so large and their 
influence so great, however, that they no longer felt 
the necessity for evading this rule. They boldly 
notified the authorities of their intention to disre¬ 
gard it, and, in company with witnesses and attor¬ 
neys, a few zealots “ forced ” an entrance into the 
sacred precincts. Evidently a change of spirit had 
come over those in power, for the defiant pioneers 
sped unmolested by policeman after policeman, and 
on their triumphant return lodged a complaint 
against the officers for not arresting them! These 
instances, taken at random from many examples, 
serve to illustrate the point. This same intolerance 
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was shown by all other cities, and everywhere it was 
a fight, with no quarter given or asked. It did not 
dawn in the minds of any one not an automobilist 
that the automobile had legal rights, was entitled 
to consideration, or was destined to become an im¬ 
portant part of street traffic. Even now, though 
automobiles crowd our streets, there still remains 
a vicious desire to exterminate them. 

How shall we explain this attitude 1 Let us he 
fair and point out that some of the automobilists 
themselves are, unfortunately, partially to blame. 
Some drivers of the automobile regard it in the 
light of a toy to furnish amusement in speeding and 
racing on the highway. So regarded, it is truly a 
nuisance, a menace to life, and no legitimate means 
of street locomotion. Further, nearly every man 
has his mind directed to many abuses which are 
continually advertised by the yellow journals to 
increase their circulation. He hears that a million¬ 
aire has ordered a 120 H. P. machine, costing 
$20,000, to beat the record of another millionaire, 
and that fortunes are spent with impunity by the 
rich on these space-devouring monsters, just for 
the fun of speeding. He reads that Mr. So-and-So, 
when giving bail, tossed a hundred-dollar bill to 
some clerk, afterward forgetting to have the money 
refunded. All these and other highly colored and 
sensational stories, mostly untrue, influence his 
imagination, and when he is forced by a drunken or 
reckless automobilist to jump for his life, it is but 
natural that he should nurse hatred against the man 
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whose toys cost more than he can earn in a lifetime. 
Chauffeurs have even a worse reputation than their 
rich masters. They are accused of doubling their 
normal salaries by dishonest commissions, letting 
out for hire the machines in their charge, delib¬ 
erately injuring the engines in drunken sprees with 
their friends, speeding so as to get arrested and 
divide the owners’ fine with the deputies, and a 
dozen other crimes that should send them to the 
penitentiary. 

Although these facts may excuse the unthinking 
public for their intolerant attitude, the misusers of 
the automobile are in reality few, and they are re¬ 
pudiated as reckless, unreasonable, and irrespon¬ 
sible by all right-minded people, automobilists or 
otherwise. These rash ones, by their rash deeds, 
obscure the vital reason for their existence and so 
tend to bring the automobile movement into dis¬ 
repute. But their vicious influence is not confined 
to automobiling, it is felt wherever their presence 
intrudes. It accompanies their every action, and 
makes them equally objectionable in every other 
sphere of activity. If their past should be investi¬ 
gated, it will be found that their record in every 
department is tainted with the same inconsiderate 
conduct which has made them obnoxious in the 
automobile world. It is therefore manifestly un¬ 
fair to include them in that class of men who are 
worthy to be known as automobilists, for by such 
they are repudiated. 

Happily, the notorious rich who spend fortunes 
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on high-powered machines and the dishonest chauf¬ 
feurs whose careers always end in discredit have 
only a superficial, though harmful, influence on the 
general development of the industry. Their num¬ 
ber is necessarily limited and their influence affects 
a different sphere from the one in which lies the 
real future of the automobile. That is in the ma¬ 
chine which the general public can afford to buy 
and use in its daily occupations just as to-day it 
utilizes the horse and carriage. 

The problem of the automobile is a serious one. 
It is daily becoming more serious because people 
are attacking it from the wrong standpoint. This 
is due largely to ignorance on the part of both auto- 
phobist and reckless and unthinking devotee, the 
one desiring extermination, the other unbridled li¬ 
cense. When once both sides admit that prohibition 
is impossible, unreasonable, and uncommercial, and 
that fair regulation is possible, profitable, and neces¬ 
sary, the problem will no longer exist. As yet there 
has been no honest desire or attempt to discover the 
proper place of the automobile in our civilization, 
each side being solely engaged in fighting the other 
to the death, regardless of merit or sound sense. 
Perhaps this is natural; the automobile in actual 
use in America is barely six years old, and the 
rapid strides the manufacturers have made in its 
development have not permitted any “ proper 
place ” to be found for it in our daily life. Im¬ 
provements and changes have come so fast, one on 
another, that each year of its existence has almost 
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produced a new machine, thus preventing adequate 
conception of its proper sphere by obscuring the 
basic truth underlying the situation. 

Moreover, it is impossible at this early age for 
any one to know what its ultimate functions are. 
We can only study its present and speculate as to 
its future. In connection with this, it is interesting 
to glance at the history of the bicycle. At first the 
price was high and the wheel unreliable; then there 
were few roads fit for it. By gradual development 
into a low-priced and trustworthy machine, its use 
on the part of the public became general, and it 
acquired national importance. It was the cause of 
the first great impetus to the good roads move¬ 
ment; in the city asphalt replaced nerve-racking 
cobbles, and throughout the country we were given 
at least navigable roads between the chief centers. 
The automobile has started out in the same way, 
and is pursuing the same trend, but its influence is 
bound to be still more radical and thorough. The 
price is being lowered so that soon a machine will 
cost but little more than an ordinary horse and car¬ 
riage, with several times their efficiency and radius. 
Machines are no longer made in helter-skelter fash¬ 
ion, each different from the next, but models and 
parts are standardized, broken or worn-out engines 
are made over without inconvenience. Though not 
yet perfected, the automobile is at least commer¬ 
cially reliable. Express companies, department 
stores, and other business institutions, recognizing 
this, as well as its great radius and endurance', are 
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changing from horses to the horseless vehicle. It is 
coming more and more into universal service. In 
the city its general use must cause the disappear¬ 
ance of the horse. The city is no fit place for that 
most useful animal, and when he is forced out of 
it, the most strenuous autophobist will reluctantly 
admit that with him has gone all the dirt and dis¬ 
ease he now causes, and that the narrow streets’ 
capacity for traffic is quadrupled, since the automo¬ 
bile takes up half as much room and can go with 
equal safety twice as fast. In the country the im¬ 
petus to good roads resulting from its introduc¬ 
tion has already been enormous. Through its in¬ 
fluence bills have been introduced in Congress for 
a national highway from the Atlantic to the Pacific, 
and the State of New York has already once passed 
the necessary bill for a constitutional amendment 
for a fifty-million-dollar bond issue to provide good 
roads throughout the entire State. Undoubtedly 
the present legislature will again pass the bill so 
that at the next election the amendment may be 
presented to the people. 

The general use of the automobile has opened 
up a new sphere for young men, or, according 
to Bernard Shaw, has produced “ the new man.” 
Intelligent, resourceful young fellows who previ¬ 
ously could find no outlet for their mechanical bent, 
and could barely earn from $50 to $60 a month, 
have suddenly had opened to them a field which is 
practically without limit, and which may serve as a 
stepping-stone to better and larger things. The 
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Young Men’s Christian Association of New York 
City has realized the importance of this oppor¬ 
tunity, and, aided by The Automobile Club of 
America, has established a school for scientific in¬ 
struction in both the theory and practise of auto- 
mobiling. The first course has only just been fin¬ 
ished, and I understand the results are well beyond 
expectations. Applicants for the new term number 
over two hundred, and it is felt the effort is filling 
a great need. It is certainly gratifying that such 
is the case, because the old idea, that any one who 
can push a lever and draw a salary is a chauffeur, 
no longer prevails. In spite of any popular convic¬ 
tion to the contrary, every applicant for the posi¬ 
tion of chauffeur knows that to succeed he must be 
not only intelligent, honest, sober, and full of 
“ horse-sense,” but also a competent machinist, with 
the instincts of a gentleman in the best sense of the 
word. 

Strange to say, the stanchest advocate of the 
automobile to-day is the farmer. He has appreci¬ 
ated much more quickly than the city man the ad¬ 
vantages of the machine, probably because these 
advantages appeal to him in a peculiar way. He 
has been taken out of an otherwise enforced loneli¬ 
ness ; farms which have heretofore been inaccessible, 
both for their occupants and for their products, 
have, by the introduction of the automobile, over¬ 
come space, and found new and near neighbors. 
Where it took a farmer all day to drive his horse to 
market, sell his goods and return home, he can now 
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do it in a morning, besides carrying twice the load 
he did before. He likewise appreciates that in addi¬ 
tion to their larger radius, automobiles have the 
further advantage of requiring neither to be fed 
nor cooled off, expensive and time-consuming proc¬ 
esses. 

In bringing these introductory remarks to a 
close, I wish to emphasize strongly that the auto¬ 
mobile problem must be approached by a dispas¬ 
sionate discussion of the situation, so that opinions 
may not be merely the result of unfortunate experi¬ 
ence reenforced perhaps by the unjudicial “ dicta ” 
of some of our judges on the bench. What is 
wanted is anything which will make people think 
rightly about the automobile and give them correct 
ideas of its history, its use, and the place to which 
modern life should assign it. It is hoped the pres¬ 
ent book will do this and will suitably guide the 
awakened interest of the public in the solution of the 
many problems presented by the necessary regula¬ 
tion and control of the automobile. I trust that 
something I have said in relation to approaching 
these problems in a proper spirit will appeal to 
legislators, the public, and automobilists alike, and 
that in consequence there will result a better un¬ 
derstanding, a feeling of greater confidence, and a 
mutual respect, on the part of all interested in the 
future of the automobile. 

Dave Hennen Morris, 

President of the Automobile Club of America. 

New York, March 30, 1905. 
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THE BOOK OF THE AUTOMOBILE 


CHAPTER I 

BEGINNINGS 

Fbom the earliest dawn of intelligence man 
seems to have pictured in imagination a means of 
unlimited individual locomotion. 

Toward the end of the thirteenth century the 
learned Franciscan friar, Roger Bacon (1214- 
’94), wrote: “We will be able to propel carriages 
with incredible speed without the assistance of 
any animal.” Bacon evidently was gifted with a 
pretty correct scientific imagination, for, in the 
same breath, he predicted steamships and flying- 
machines. 

It is apparently not till the seventeenth century 
that we find the imagined horseless carriage first 
“ bodied forth ” by one Johann Haustach, of Nu¬ 
remberg, described as a “ manufacturer of chariots 
going by spring and making 2,000 paces an hour.” 
The illustration shows Herr Haustach with his hand 
on the lever, controlling the coiled spring which 
served as motor. There was evidently no steering 

1 



THE BOOK OF THE AUTOMOBILE 


device, so that this dignified and elaborate chariot 
was only able to travel in a straight line. 

About this same period wind-driven vehicles 
(seylende windwagen), a kind of ship on wheels, 
were used on the flat plains of Holland. In 1619 



Fig. 1.—A Clockwork Chariot of the Seventeenth Century. 


an English patent granted to Ramsey and Wild- 
goose included “ drawing-carts without horses.” In 
1644 a patent of Louis XIV granted to “ Jean The- 
son the privilege of employing a little four-wheel 
carriage set in motion without any horses, but 
merely by two men seated.” These were probably 
foot-propelled vehicles. As late as 1748 one Vau- 
canson, in the presence of Louis XV, drove “ a car¬ 
riage with clockwork springs.” 

The idea of applying steam to the propulsion of 
road-vehicles arose with the invention of the steam- 
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engine. Its development was contemporary with 
that of the steam railroad for a time, till the latter 
finally forced it into the background, there to remain 
until recent years. 

Sir Isaac Newton is said to have constructed, in 
1680, a model of a steam-carriage, the motor of 
which was simply an application of the old original 
steam-engine of Hero of Alexandria, invented in 
200 b. c. Newton’s model was propelled by the reac- 



Fig. 2.—Dutch Sail Wagons, Seventeenth Century. 


tionary force, or “ kick,” of a jet of steam escaping 
from a nozzle in the rear. 

Newton’s application of steam did not compre¬ 
hend the transmission of power by suitable gear¬ 
ing, and in this it was inferior to that of Giovanni 
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Branca, who in 1629 invented a steam-turbine, 
which he used for the grinding of drugs. Father 



Pig. 3.—The First Steam-Engine, 200 b. c. 

Yerbiest, a missionary at Pekin, China, is said to 
have forestalled Newton, and set up a steam-jet and 
vaned-wheel arrangement similar to Branca’s en- 



Pig. 4.—Branca’s Steam-Turbine, 1629. 


gine. This he applied to a road-carriage of light 
construction, which it propelled by means of a ver¬ 
tical shaft geared to one of the axles. 
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To France, however, belongs the distinction of 
inventing the first steam-automobile. In 1769 Nich¬ 
olas Joseph Cugnot, with state funds placed at his 
disposal by the Due de Choiseul, constructed a 
steam gun-carriage. The following year he built 
another and better one, which is still preserved in 
Paris. 

Cugnot’s trolley had but three wheels. The 
boiler overhung in front, on the theory that its 
weight would be counterbalanced by the load on the 
carriage. The engine was placed behind the boiler 



Fig. 5. —Steam Gun-Trolley of Nicholas Cugnot, 1769. 


and consisted of two 13-inch single-acting cylinders. 
The movement of the pistons was transmitted to the 
axle of the driving-wheel by two ratchet-wheels ( G, 
Fig. 6) connected to it. The piston-rods ( D ) acted 
on these for a quarter of a revolution by means of 
the crank F. The engine could be reversed at will. 
The driving-wheel could be swiveled by means of 
steering-gear. This road-engine of Cugnot’s proved 
its ability to carry a load of two and a half tons at 
a speed of three miles per hour. Napoleon Bona¬ 
parte caused the appointment of a Commission of 
the Institute to investigate the invention, but the 
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Revolution quickly put a stop to any further devel¬ 
opment of it in France. 

It was in England that the first substantial de¬ 
velopment of the steam-carriage took place. It is 
said that in 1759 Dr. John Robinson suggested a 
steam-propelled vehicle to James Watt, the reputed 
inventor of the steam-engine. Later Dr. Erasmus 



Pig. 6.—Boiler and Driving Mechanism of Cugnot’s Trolley. 
H, chain drawn down by crank F, and raising opposite piston P by 
means of lever I; Q Q, levers operating four-way cock W for ad¬ 
mission and exhaust; Q Q are actuated by projections on piston- 
rods D. 

Darwin did likewise, and even dropped into poetry, 
for which he had a weakness, thus: 

“ Soon shall thine arm, unconquered steam, afar 
Drag the slow barge, and drive the rapid car.” 

Watt did not encourage these suggestions, 
though he himself patented, in 1784, an invention 
for propelling vehicles by steam. His pupil, Will¬ 
iam Murdock, however, in 1781 constructed a model 
which his vicar described as “ a fiery little devil,” 
after Murdock one dark night had nearly fright¬ 
ened the life out of that pious gentleman with it. 
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Two Americans, Oliver Evans, of Maryland, in 
1787, and Nathaniel Read, of Massachusetts, in 



Fig. 7. —Murdock’s "Fiery Little Devil,” 1781. 


1790, invented steam road-wagons. Evans’s was a 
combined boat and road-wagon. 

Richard Trevithick in 1802 patented a steam- 
carriage in England, in which a distinct advance 



Fig. 8. —Trevithick’s Steam-Carriage, 1802. 


was made by gearing the crank-shaft with the 

driving-wheels. About this time the fallacy was 
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commonly entertained that ordinary wheels were in¬ 
sufficient to secure traction, and many curious sys¬ 
tems of propulsion by mechanical legs were in¬ 
vented. That of David Gordon, patented by him 



Pie. 9 .—Gordon’s Patented Traction by Mechanical Legs, 1824. 


in 1824, was applied by its inventor to a steam- 
carriage. 

Among the numerous experiments in the early 
part of the nineteenth century the names of Gurney 
and Hancock are found as those of the most suc¬ 
cessful developers of the steam road-vehicle. Sir 
Goldsworthy Gurney began work in 1822, construct¬ 
ing his first six-wheeled coach with propelling legs, 
to be brought into use in hill-climbing, and at other 
times when it was feared the wheels would not fur¬ 
nish sufficient traction. Gurney soon found this 
precaution unnecessary, however—a fact which 
Trevithick had previously demonstrated. Sir 
Charles Dance established a regular service with 
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Gurney’s coaches between Gloucester and Chelten¬ 
ham, nine miles, running-time three-quarters of an 
hour, making four trips daily. The service was 
continued for four months in 1831, and then aban¬ 
doned on account of ignorant opposition and pop¬ 
ular prejudice. 

Gurney was anticipated slightly by Walter Han- 
. , 00 ck, who was the first to put a steam-omnibus on 
the road in 1829' Hancock’s work was greatly in 
advance of any of his contemporaries. He invented 
and used upon his coaches a high-pressure boiler, 



Fig. 10.—One op Gurney’s First Coaches with Auxiliary 
Legs, 1822. 


which proved itself to be the most efficient of the 
period. He was the first to apply to a motor-vehicle 
chain-transmission of power, and he invented the 
“ wedge ” type of wheel construction. 

9 






THE BOOK OF THE AUTOMOBILE 

Hancock gave all his coaches names, the oddest 
of which was “ The Autopsy.” It did not, however, 
fulfil the omen of its name, for with four others it 
ran in regular service between Stratford and Pad- 



Fio. 11 .—Hancock’s “Autopsy,” 1836, 


dington in 1836, carrying in twenty weeks 12,760 
passengers, and covering safely 4,200 miles. 

The achievements of Gurney and Hancock and 
their contemporaries (such as Dr. Church, J. Scott 
• Russel, the constructor of the Great Eastern steam¬ 
ship, and F. Hills, inventor of the differential bal¬ 
ance-gear) did scarcely more than suggest the prob¬ 
lems involved in the construction of self-propelled, 
vehicles. Their work really belongs to the evolution 
of the steam railway, the successful development of 
which was largely instrumental, in England, in 
checking the advance of the self-propelled road- 
vehicle. Popular prejudice, aroused by a few acci¬ 
dents, was fomented by the railroad companies, who 
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regarded the automobile as a serious rival. As a 
result, in 1836 Parliament passed the Locomotives 
Act, imposing prohibitive tolls and restrictions on 
steam road-vehicles. This law was not repealed till 
August 15, 1896, and practically put a stop to the 
construction of the motor-carriage in England for 
over half a century. 

We must turn to France for advance in auto¬ 
mobile construction subsequent to 1840. Since the 
steam-carriage of Cugnot, only a few sporadic at¬ 
tempts are recorded until Amedee Bollee, of Mans, 
exhibited two steam-carriages at the Paris Exposi¬ 
tion of 1878. Two years later he built the omnibus 
“ La Nouvelle,” which in the famous race from 



Fig. 12.— General Plan of Hancock’s Coaches, showing Chain 
Transmission. 


Paris to Bordeaux in 1895, covered 745 miles in 90 
hours, 3 minutes. 

In 1888 Leon Serpollet first applied his newly 
invented “ flash ” boiler to a tricycle, and then to 
a four-seat car which was run in Paris. Serpollet’s 
boiler, instead-of storing water and steam, gener- 
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ated steam instantaneously by pumping a sufficient 
quantity of water into superheated tubes, where it 
was “flashed” into steam directly to the engine 
cylinder. The same year (1888) Count Albert de 
Dion, Georges Bouton, and Trepardoux constructed 
a steam-tricycle. These inventions were the foun¬ 
dations for great and rapid advance in the con¬ 
struction of small high-pressure engines for road- 
carriages. 

The great impetus to automobile construction 
proper came, however, with the successful applica¬ 
tion of the gas-engine to road-vehicles, by two Ger¬ 
mans, Gottlieb Daimler and Carl Benz, independ¬ 
ently, in 1886. Daimler, who was manager of the 
Otto Gas-Engine Works at Deutz, fitted his small, 
air-cooled motor to a bicycle. In 1889 he con¬ 
structed a two-cylinder engine which attracted the 
notice of Messrs. Panhard & Levassor, of Paris. 
They acquired the necessary rights, and began im¬ 
mediately the construction of what was essentially 
the modem motor-car. They were quickly followed 
by Peugeot Freres. Benz’s small motor was water- 
jacketed, and was first applied by him to a three¬ 
wheeled car. He subsequently developed it in col¬ 
laboration with Roger, of Paris. 

Automobile construction now made rapid strides 
in France, until the Paris-Rouen meet of 1894 and 
the Paris-Bordeaux run of 1895 demonstrated to 
the world that the efficient, self-propelled road- 
vehicle had arrived. It is hardly too much to say 
that from this time on the history of automobilism 

12 


BEGINNINGS 


is epitomized in the history of the various clubs 
and associations of those interested in the auto¬ 
mobile chiefly as a means of pleasurable locomotion. 
The oldest and most influential of these is, of course, 
the Automobile Club of France, which sprung, in 
1895, from the permanent commission into which 
the committee in charge of the famous Paris-Bor- 
deaux run had been organized. The chairman of 
this committee was the Baron de Zuylen. The first 
meeting of the committee had been held November 
18,1894, at the house of the Marquis de Dion, who 
at the Paris-Rouen contest had just achieved the 
highest average speed, 12 miles an hour, in a steam- 
carriage, his own invention. The first prize was 
divided between MM. Panhard and Peugeot, who 
drove gasoline vehicles with 3^ horse-power Daim¬ 
ler motors. In the race of 1895 M. Levassor on a 
Panhard car covered the distance of 730 miles at 
the rate of nearly 15 miles per hour. Six years 
later the same course was covered by Panhard cars 
and others at the rate of over 50 miles an hour. M. 
Panhard, in 1894, laughed at a prophecy of this 
achievement. Unfortunately he did not live to 
see it. 

The work of the Automobile Club of France has 
been chiefly the promotion of races and competitions 
and of the annual automobile show in Paris, all of 
which have been exceedingly valuable in furnish¬ 
ing demonstrations of the capabilities of motor- 
vehicles. 

In the summer of 1895 a 4 horse-power Panhard 
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car was brought into England by Mr. Evelyn Ellis. 
He and Sir David Salamons in October, 1895, gave 
a demonstration at Tunbridge Wells, where the 
capabilities of a Panhard and a Peugeot car and a 
de Dion steamer were exhibited to Members of Par¬ 
liament and others whom it was desirable to interest 
in the repeal of the Locomotives Act. On Novem¬ 
ber 14, 1896, the Light Locomotives Act, originally 
brought forward by Mr. Henry Chapman, became 
law, opening English roads to the automobile. 
About twenty cars celebrated the day by a run from 
London to Brighton, and the following year the 
Daimler Motor Company placed automobiles of 
English manufacture upon the market. On the 
10th of August, 1897, the Automobile Club of Great 
Britain and Ireland was organized, and has since 
been an active force in overcoming popular preju¬ 
dice, which is even stronger against the automobile 
in Great Britain than in this country. The club is 
a recognized authority on automobilism in Great 
Britain. 

In America, as elsewhere, there had been for 
many years attempts by different inventors to build 
horseless carriages, and they were more or less suc¬ 
cessful. Most of them, however, employed steam, 
so that their efforts are of less importance than those 
of experimenters far-sighted enough to believe that 
the gasoline-motor was destined to be the automo¬ 
bile-motor of the future. A Mr. Fawcett, of Pitts¬ 
burg, built an omnibus in 1878 in which he em¬ 
ployed a Brayton motor, essentially a slow-speed 
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affair and therefore not adapted to the light mod¬ 
ern vehicle. How successful this omnibus was it is 
impossible to say, but it is of interest because of 
the prominence of the Selden patent, which was 
evidently an attempt to show the Brayton motor 
in an automobile. 

During the ’80s a Mr. Copeland brought out a 
bicycle equipped with a steam-motor, and later he 
built two tricycles similarly equipped. These were 
the predecessors of the light steam-vehicles. De¬ 
scriptions of them and their doings were published 
in the trade-papers, and, while inventors and me¬ 
chanics were interested, the public gave the mat¬ 
ter no thought, and, for lack of capital, Mr. Cope¬ 
land’s devices disappeared from view. The bicycle 
equipped was made by the H. B. Smith Machine Co. 
In the late ’80s they built a steam-tricycle. 

In 1886 Mr. Charles E. Duryea, while employed 
near it, observed a gasoline-engine, electrically ig¬ 
nited, and decided that such an engine could be made 
light, simple, and compact enough to propel a horse¬ 
less carriage better than anything then known. He 
began studying and experimenting, as opportunity 
permitted, toward this end. In 1888 he assisted, in 
an advisory capacity, in partly constructing a light 
buggy, driven by a 2-horse-power steam-engine, but 
this work was stopped by the death of the designer. 
During 1891 he made drawings and began the work 
on a gasoline-vehicle. His brother, Mr. J. F. 
Duryea, was closely associated with him in this 
work. Their first vehicle was completed in the lat- 

15 



THE BOOK OF THE AUTOMOBILE 

ter part of 1892. It was decidedly underpowered, 
like most first vehicles, and an attempt to rebuild it 
indicated that many of the parts were lighter than 
they should be if more power was added. A third 
attempt, using the same design with heavier parts, 
was made, and the car was finished in the fall of ’93. 
This vehicle is shown in Plate I. Not only it, but 
also the first one, embodied all the essential fea¬ 
tures of the modern automobile, lacking only in 
quality. They had cylinders lengthwise of the body, 
which gives the least vibration. They had C steer¬ 
ing-knuckles, and were driven through bevel-gear 
differential counter-shaft by double chains to the 
rear wheels. As first designed, they had friction 
transmission from the motor, but lack of experience 
caused failure to secure perfectly satisfactory re¬ 
sults, although much driving was done with the fric¬ 
tion arrangement. Because of lack of capital, it 
was decided to use a positive transmission and take 
up friction-drive later, when time and money per¬ 
mitted. Having demonstrated, by tests in the win¬ 
ter of 1892, that the geared transmission was satis¬ 
factory, the Duryeas at once began on a fourth 
design, using a two-cylinder two-cycle motor. This 
lacked flexibility, and late in 1894 a vehicle was 
completed with a four-cycle motor. After some 
slight changes this was put on the road in March, 
1895. It was used almost daily the entire summer. 
It wore out its first set of solid tires in two or three 
months, and was then equipped with pneumatics, 
being the first motor-vehicle so equipped in the 

16 



I 



FIKST GASOLINE AUTOMOBILE MADE IN AMERICA BY 
CHARLES E. DURYEA. 



FIRST GASOLINE AUTOMOBILE MADE IN AMERICA BY 
EL WOOD T. HAYNES. 


BEGINNINGS 


United States. It won the Chicago Times-Herald 
race in the fall of that year. The Duryea Motor 
Wagon Co. was then organized, and thirteen vehi¬ 
cles, the first regularly manufactured in the United 
States, were finished in the summer of 1896. Four 
of these were entered in the Cosmopolitan contest at 
New York in 1896, and three of them were the only 
vehicles to get back to the city the same day. The 
driver of one was arrested because a bicycle-rider, 
watching a baseball game, carelessly ran into him. 
During the same year two of these vehicles took 
part in the first English event, the London to 
Brighton run. The winning cars of the French 
race of that year, with the drivers who had skil¬ 
fully piloted them into first, second, and third posi¬ 
tions, had been brought over and were confidently 
expected to lead the way to Brighton. Great was 
the surprise when a yellow-wheeled Duryea car 
from a place well at the rear beat the French win¬ 
ners into Brighton by over an hour in the short dis¬ 
tance of fifty-two miles. 

The price of these early vehicles ($1,500) was 
considered very high for an untried substitute for 
the horse and buggy, and this, more than anything 
else, prevented rapid acceptance in America of the 
gasoline-automobile. During 1896-97 Mr. George 
Whitney, of Providence, operated a light steam- 
vehicle very successfully, and Stanley Bros, with 
ample capital improved on this. The result was 
the light steam-car afterward known a,s the Loco¬ 
mobile. This performed beautifully, ran easily, and 

17 


THE BOOK OF THE AUTOMOBILE 

was promised to the public at a very low price. Its 
subsequent vogue at borne and abroad temporarily 
overshadowed the work being done in America by 
developers of the gasoline-machine. 

In the mean time work was being done in the 
West by Mr. Elwood Haynes. He is said to have 
conceived the idea in 1888, but did not construct bis 
first vehicle till 1893. This was finished and given 
a test on the road in July, 1894. It had no balance- 
gear and drove only on one rear wheel. The wheels 
were wire, with solid or cushion rubber tires, and 
the motor was a single-cylinder two-cycle launch- 
engine. Steering was by hand-crank acting on a 
vertical shaft. In the second vehicle put on the 
road in November, 1895, a short horizontal shaft 
was placed at the top of the vertical with another 
set of bevel-gears, so that the crank moved in a ver¬ 
tical plane, like a hand-organ crank. The Haynes- 
Apperson Co. was incorporated in 1898. 

Alexander Winton made his first vehicle in 1896, 
adapting to his purpose, like Mr. Haynes, motors 
then on the market; hut unlike him, Mr. Winton 
chose a stationary motor instead of a launch-motor. 
On this account the early Winton cars were very 
heavy. In 1899, with a half-dozen assistants, he 
was building automobiles in a rented one-room shop. 
To-day he owns one of the largest factories in the 
country. His efforts have done much to develop 
the automobile industry in America. The same may 
be said of Mr. K. E. Olds, who built a single vehicle 
in the late ’80s, and also of Mr. Henry Ford, who 
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built one in 1893, and who both subsequently devel¬ 
oped these early experiments in a way that has 
made them important factors in American auto¬ 
mobile history. 

The substantial beginning of the automobile 
movement in America was signalized by the organi¬ 
zation, on June 7, 1899, of the Automobile Club of 
America, by a handful of enthusiasts, who elected 
Mr. George F. Chamberlain as their president. On 
November 4, 1899, the club organized its first run, 
a distance of scarcely seven miles, over good roads. 
Of the thirty-eight machines which attempted the 
journey, less than a dozen finished, the rest being 
balked by no greater obstacle than a grade on 
Riverside Drive, within the limits of New York 
City. At this time, only six years ago, there were 
but fifty cars in the whole of America. Now there 
is an average of one automobile for every 1,200 
inhabitants of the United States, and there are up¬ 
ward of 25,000 automobilists in New York State 
alone. 

The first American automobile show was held in 
Madison Square Garden in the fall of 1900, under 
the auspices of the Automobile Club, which had 
great difficulty to induce the management of the 
Garden to assume any portion of the financial risk 
of the exhibition. So few machines were being 
manufactured in this country at the time that the 
members of the club loaned their own machines to 
piece out the display. The second exhibition, the 
following year, was managed by a joint committee 
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of the club and of the American manufacturers, 
whose products covered the whole main floor of the 
Garden. For the fifth annual exhibition, held this 
year, the capacity of the Garden proved vastly in¬ 
adequate, notwithstanding that the importers of 
foreign machines held a separate salon elsewhere, 
under independent management. Another year will 
probably see an additional exhibition by the Auto¬ 
mobile Club along lines eliminating the commercial 
standpoint of the manufacturer. 

The automobile had been in extensive use abroad 
for nearly five years before American designers 
seriously turned their attention to it; then it was 
to the production of the light car that their main 
effort was directed. Consequently they clung to 
the horizontal motor, which in their hands has 
reached a higher efficiency than it has attained 
abroad. Foreign makers have attained preem¬ 
inence in the construction of the heavy, high-pow¬ 
ered touring-car, with multiple-cylinder motor. 
This type necessarily appeals to a more limited 
class of purchasers than does the light runabout, 
which perhaps secures a larger profit to the manu¬ 
facturer through sales to the middle class so exten¬ 
sive in this country. The Exhibition of 1905, how¬ 
ever, shows great advance by American manufac¬ 
turers in the production of the touring-car along 
the lines laid down by foreign manufacturers. 
About 18,500 American cars were built in 1904, 
with a total value of $22,000,000. In France, where 
there is Government record of every vehicle, there 

20 



BEGINNINGS 


are about 24,000 automobiles in use; in Great 
Britain, about 20,000; and in the United States, 
from 40,000 to 50,000. Exports from the United 
States for 1902 aggregated $874,986 worth of ma¬ 
chines, while for nine months of 1904 the total was 
$1,445,986. Exports of automobiles from France, 
as computed by Mr. Arthur M. Jervis in Leslie’s 
Magazine, February, 1905, show from January 1 to 
August 1, 1904, an increase of about 35 per cent 
over the same period of 1903; the imports of cars 
into France during the same period showed a gain 
of more than 350 per cent. Mr. Jervis based this 
calculation on official Government records. The 
figures are as follows: French exports, January 1 
to August 31, 1902, $3,978,200; 1903, $7,295,000; 
1904, $9,895,000. French imports, 1902, $119,800; 
1903, $133,200; 1904, $471,400. Mr. Jervis also 
computes that, though there were more automobiles 
imported into this country in 1904 than in 1903, the 
increase in number of cars imported was in smaller 
ratio to the number of cars sold, all of which would 
indicate that American cars are becoming more pop¬ 
ular at home, and, in the case of light cars, are in¬ 
vading the foreign markets. 
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THE GASOLINE—MOTOE 

The adaptation of the principle of the inter¬ 
nal-combustion engine (invented by M. Beau de 
Rochas in 1862) to a compact motor capable of pro¬ 
pelling road-vehicles, made possible the develop¬ 
ment of the modern automobile. Here was found 
the prime essential, a motive agent combining the 
maximum of power with the minimum of hulk and 
weight. Subsequent improvements have made it 
appeal so strongly to the motorist on the score of 
simplicity, reliability, ease of care and control, that 
it is now preeminent in automobile construction. 

Until the invention of the gas-engine, steam was 
the only available means for utilizing the expan¬ 
sive energy of heat. In the steam-engine the heat 
energy of burning fuel converts the boiler-water 
into steam under pressure, and this is made to drive 
a piston back and forth in the engine-cylinder, the 
heat being thus simply transformed into work. 
Now 1 kilogram of coal (2.2 pounds) represents 
between 8,000 and 9,000 calories, equivalent to 
a pressure of 3,400,000 kilogrammeters, or to 11,- 
152,000 foot-pounds per pound of coal. A kilo¬ 
gram of gasoline represents 15,000 calories, 20,- 
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THE GASOLINE-MOTOR 

913,636 foot-pounds per pound—nearly twice the 
calorific power of coal. Hence, theoretically, and 
in fact practically, the gasoline-motor should yield 
a higher efficiency than the steam-motor. The gaso¬ 
line-motor derives the expansive energy directly 
from the fuel by internal combustion or explosion, 
propelling the piston in the cylinder, as a charge 
of gunpowder propels the projectile in a gun. In 
the early history of explosive-engine construction 
an attempt was actually made to utilize gunpowder 
as the motive agent. By dispensing with boiler and 
furnace, the gas-engine also secures a very high 
power-efficiency in proportion to its size and weight. 

Internal-combustion engines, however, are single 
acting—that is, the power-impulse is applied to 
only one side of the piston, and drives it only in 
one direction. For its return-stroke the piston 
must depend upon its own momentum. This neces¬ 
sitates the attachment to the crank-shaft of a rela¬ 
tively heavy fly-wheel which stores the momentum 
of the piston, and enables it to make the return- 
stroke. The cylinder of a gasoline-motor is open 
at the end toward the crank-shaft and closed at 
the opposite end, forming a chamber for the admis¬ 
sion of the explosive mixture, which is ignited auto¬ 
matically. Within the bore of the cylinder is fitted 
the gas-tight piston of the hollow or “ trunk ” va¬ 
riety, a cylindrical box in the center of which is 
hung the swinging connecting-rod combining the 
functions of piston-rod and connecting-rod as em¬ 
ployed in the steam-engine. To start a steam- 
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engine it is only necessary, after getting up steam 
to the proper pressure, to open the throttle and 
admit the vapor to the cylinder. In the gasoline- 
motor, starting is accomplished by turning with 

Beginning of Stroke. End of Stroke. 


I. 

Suction. 


n. 

Com¬ 

pression. 







Fig. 13. —The Reau de Rochas or Otto Four-Part Gas-Engine 

Cycle. 


the hand a crank on the driving-shaft, until the pis¬ 
ton has been carried through a sufficient number of 
strokes to enable the motor to take up its “ cycle.” 
Fig. 13 illustrates the Beau de Rochas or Otto four- 
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stroke cycle, employed almost exclusively in auto¬ 
mobile-motors. The first forward stroke of the pis¬ 
ton (P) represented at I induces a vacuum in the 
cylinder, opening the inlet-valve ( B) by suction, 
and thus admitting the explosive mixture. The 
crank and fly-wheel make half a revolution during 
this stroke. The piston is now at the bottom of the 
cylinder, and the inlet-valve (B) is closed auto¬ 
matically by means of a spring. The second (back¬ 
ward or return) stroke of the piston, shown at II, 
compresses the gas into the combustion chamber 
(the space between the top of the cylinder and the 
piston). This compressed gas is now ignited by 
the mechanically operated electric sparking-plug 
( D ), and the explosion forces the piston forward 
on its third stroke, shown in III. The piston now 
returns on its fourth stroke, shown at IV, carried 
by its own momentum. As it does so, the exhaust- 
valve ( C ) is opened mechanically, and the burned 
gases are expelled, leaving the cylinder clear for the 
admission of fresh explosive mixture with the next 
inhaust-stroke. These four strokes of the piston, 
compassing two revolutions of the crank and fly¬ 
wheel, complete the cycle of the motor. The oper¬ 
ations involved will be better understood from 
Fig. 14. 

It is obvious that the expansive energy gener¬ 
ated by firing the explosive charge in the combus¬ 
tion chamber must be great enough, not only to 
drive the car, but also to carry the piston through 
the three strokes during which there is no power- 
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secured more frequently. Thus a four-cylinder 
motor may be so arranged as to give a power- 
impulse once in every half-revolution of the fly¬ 
wheel, and if the cranks were set on the shaft at 
angles of 180° from each other the strokes in the 
different cylinders would take place contemporane¬ 
ously. Fig. 15 represents such an arrangement, 
each piston being at the beginning of one of the 



Fio. 15 .—Typical Balance op Stroke op a Four-Cylinder 
Motor. 

Pistons are at the beginning of stroke. No. 1, exhaust; No. 2, firing; 
No. 3, suction; No. 4, compression. 

strokes of the four-part cycle. If the cranks are 
set at angles of 90°, however, the strokes of the 
cylinders would be contemporaneous only by pairs, 
and the fly-wheel would receive a power-impulse at 
every quarter of a revolution. The piston strokes 
are not usually made non-contemporaneous in mo¬ 
tors with an even number of cylinders. It is appar¬ 
ent that, in addition to greater power, a multi- 
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pie-cylinder motor secures better balance in its 
operation, thus overcoming the main objection to 
the single-cylinder motor, namely, its tendency to 
set up vibration annoying to the passengers and de¬ 
structive to the framework of the car. The earliest 
attempt at balancing-motor operation is seen in the 
V-shaped Daimler motor used in the early days of 
modern construction. In this, two upright cylin¬ 
ders were set at an angle of 30° to each other, both 
pistons working on one crank, the power-stroke of 
one corresponding to the suction-stroke of the other. 
This is the arrangement most typical in present-day 
construction of two-cylinder motors, except, of 
course, that the cylinders are no longer inclined to 
each other. Four-cylinder motors are in this respect 
really a pair of two-cylinder motors, two of the 
pistons being always at out-stroke while the other 
two are at in-stroke. Another two-cylinder motor 
is the horizontal double-opposed type, which has 
been most successfully developed on American 
vehicles. The cylinders are set at opposite ends of 
the common crank chamber, working on cranks set 
at 180°. (See Fig. 16.) This has the same effect as 
two upright cylinders working on the same crank, 
the out-strokes and in-strokes being contempo¬ 
raneous and the firing-stroke in one cylinder corre¬ 
sponding to the suction-stroke in the other. Three- 
cylinder motors are employed upon the Brooke, 
Duryea, and one of the Panhard cars, the cranks 
being set at 120°, and the strokes of the pistons 
not being contemporaneous, but giving a power- 
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impulse at every two-thirds of a fly-wheel revolu¬ 
tion. American motor construction adhered at first 
to the single-cylinder, depending for balance upon 
the fly-wheel and other devices, but the present tend¬ 
ency is toward the use of two- or four-cylinder 
motors on all but the lighter forms of car. Cylin¬ 
ders may be placed vertically or horizontally, and 
some modern types approach the inclined position 
of the early Daimler motor. The advantage of 



Pig. 16.—Balance of Horizontal, Double-Opposed 
Two-Cylinder Motor. 


horizontal cylinders is that their vibration agrees 
with the motion of the car, but they' tend to become 
oval, thus in time requiring reboring. In by far 
the majority of motors the vertical position is ad¬ 
hered to. 

The operation of the valves for the admission 
of the explosive mixture is most commonly secured 
automatically by the suction of the piston during 
its inhaust or charging stroke, the valve return¬ 
ing to its seat at the end of the stroke by the 
pressure of a spiral spring. The exhaust-valves 
for the escape of the burned gases are operated by 
levers moved by cams upon a shaft so geared to the 
crank-shaft that it revolves once in every two revo¬ 
lutions of the crank-shaft, hence it is called the two- 
to-one shaft. (See Fig. 14.) Many modem motors 
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have the inlet valves, also mechanically operated 
by shaft-cams or eccentrics, and this method seems 
to be growing in favor. 

From what has been said, it is apparent that 
every gasoline vehicle-motor must be provided with 
a suitable supply of explosive mixture and with 
some means of firing the same in the combustion 
chamber of the cylinder at the proper intervals. 
This mixture consists of a spirit vapor combined 
with ordinary air. All oils and spirits at certain 
definite temperatures give off inflammable vapors 
which may be readily ignited. Gasoline, or “ petrol 
spirit,” is the most familiar of these hydrocarbons, 
and the one employed in nearly all automobile-mo¬ 
tors. The vapor given off by this liquid on contact 
with the air is a well-known source of danger in 
handling it near a flame. When shut off from the 
air, as in a motor-cylinder, this vapor can not be ig¬ 
nited without the admission of sufficient oxygen for 
the process of combustion. Advantage is taken of 
this fact in the Hornsby-Akroyd motor and in the 
Diesel motor, in each of which the inflammable 
vapor is admitted directly to the superheated cylin¬ 
der chamber, and fired by the subsequent admission 
of a sufficient quantity of air. The almost uni¬ 
versal practise, however, is to m ix the vapor and 
the air in a device called a carbureter, and to feed 
the carbureted air to the combustion chamber for 
subsequent explosion. 

Roughly speaking, the carbureter is a vessel 
into which a small amount of liquid gasoline is 
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admitted, as required, through suitable outlet 
valves from the supply-tank. In the surface 
variety of carbureter (see Fig. 17) the air is ad¬ 
mitted to the surface of the spirit in a current 
which licks up the vapor by evaporation, and is de- 



Fio. 17 .—Type of Surface Carbureter (Faure) with Zigzag 
Baffle-Plates, 

D E F O, to prevent liquid reaching the motor supply-pipe G\ the 
tank, A, is filled by pipe, B, which also admits pure air; gratings 
at K permit the passage of the mixture in the direction of the 
arrows. 


fleeted up the sides of the vessel by a plate which 
also prevents the liquid from splashing from the 
motion of the vehicle. The spray or atomizing car¬ 
bureter, however, is the one most commonly em¬ 
ployed. (See Fig. 18.) In this the current of air is 
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drawn by the suction of the piston stroke, causing 
a spray of gasoline to rise through a nozzle and play 
on to a cone, breaking it up immediately into vapor 



Pig. 18.— Type op Float-Feed Spray Carbureter (Daimlbr- 
* Phenix). 


Gasoline enters through N and wire gauze 0 (which keeps back solid 
particles) to chamber A ; when it reaches the level of nozzle J, 
overflowing into chamber H, float B lifts the weight E, and rod 
D descends, pressing needle into valve C ; suction of piston draws 
air in at F and liquid at <7, which break and mix against K, and 
pass through M to motor; A is a variable lantern to control 
quantity of air. 

and mixing it with the air. The level of the liquid 
is constantly maintained the same by means of a 
float controlling a needle-valve to the supply-tank. 
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This device is also employed on some surface car¬ 
bureters, with a view to keeping the composition 
of the gasoline as nearly as possible the same, as 
the liquid tends to liberate its more volatile parts 
first, and gradually becomes impoverished if not 
continuously renewed. 

To maintain the proportions of air and spirit 
vapor at a constant and, within certain limits, con¬ 
trollable ratio, is the crucial problem of carbureter 
construction. Wicks and other means are em¬ 
ployed to this end in some varieties of surface car¬ 
bureter. The spray carbureter, however, is capa¬ 
ble of more uniform results and less liable to be 
affected by the jolting of the vehicle. Con¬ 
sequently, most automobiles are fitted with float- 
feed atomizing carbureters. 

Temperature has an important influence on the 
working of the carbureter. If gasoline is cold it 
does not volatilize sufficiently; if too hot it does 
so to excess. This difficulty, most pronounced in 
cold weather, is provided against by circulating 
around the liquid in the carbureter the hot exhaust- 
gases from the cylinder or the water which has 
cooled it. In either case the quantity can be varied 
at will. 

In early motor construction the ignition of the 
carbureted mixture was accomplished by a plat¬ 
inum tube pierced through the wall of the combus¬ 
tion chamber, and kept at white heat by means of a 
Bunsen flame at its outer end. The compression- 
stroke of the piston forced the inflammable mix- 
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ture against the inner end of this tube, and so ig¬ 
nited it. Such a method is obviously somewhat 
uncertain in its action, due to the varying degrees 
of compression at different speeds of the motor. 
At slow speeds the compression may not be suffi¬ 
cient to force the mixture against the tube, which 
results in slow firing or in total failure to ignite. 
At high speed, premature firing may result; or the 
mixture may be forced against the outside flame, 
causing back-firing or more serious harm, since the 
presence of the flame is, in any case, a source of 
danger. Consequently, tube ignition has been prac¬ 
tically abandoned in favor of electric ignition, 
which is surer in its operation, and can be more 
accurately timed to suit the needs of the motor. 
This method consists in the production of a very 
hot electric spark directly within the combustion 
chamber. The electric current is controlled by 
cams operated on the two-to-one shaft geared to 
the crank-shaft of the motor so as to time the spark, 
as it does the exhaust, once in every two revolu¬ 
tions of the fly-wheel. Such a system, of course, re¬ 
quires a separate source of electrical energy. This 
may be a battery of galvanic cells, or it may be 
a small dynamo or a magneto-generator, either of 
which must be operated by the motor. The cur¬ 
rent thus generated may be used to produce a low- 
tension spark in a primary circuit from either a 
“ wiping ” or a breaking contact, or it may produce 
a high-tension spark (known as a “jump-spark”) 
in a secondary circuit containing an induction coil. 
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Sparks of both varieties are used successfully on 
automobiles, although the “ jump-spark ” appears 
to be the favorite. 

The principle upon which a primary or low-ten¬ 
sion spark is produced will be understood from 
Fig. 19. B is the battery, or source of electrical 


A 



Fig. 19. —Diagram of a Low-Tension or Primary-Ignition 
Circuit for “Wipe” or “Break-Contact” Sparking. 

energy; C represents the device for breaking the 
circuit within the combustion chamber. This may 
be accomplished by a rotating electrode, wiping 
against a stationary electrode or by having two 
electrodes normally in contact, one of which is 
slightly drawn away from the other at the moment 
of sparking. In either case this mechanism is 
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operated by a cam on the half-time shaft. While 
a small spark can be produced by simply breaking 
a primary circuit, this would not 
be sufficiently intense. There¬ 
fore to make it powerful enough 
to ignite the charge, a low-ten¬ 
sion or self-induction coil, A, 
is introduced in the circuit. The 
circuit is grounded through the 
motor at G and returns through 
the frame of the car and the 
push-rod R. The induction-coil 
of this system consists, rough¬ 
ly, of an iron core wound with 
low-resistance copper wire. 
When the battery current flows 
through the winding it mag¬ 
netizes the iron core, the effect 
of which is to generate an ad¬ 
ditional reverse current super¬ 
posed on the battery current. 
When the circuit is broken 
within the combustion chamber, 
the magnetic reactance of the 
coil tends to continue the flow 
of the self-induced current as a 
direct current taking the place 
of the battery current, and at 
the moment of breaking it produces an adequate 
spark. 

There are two principal methods of producing 
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Pig. 20.—Section op 
de Dion - Bouton 
Sparking-Plug. 

B, porcelain insula¬ 
tion screwed into 
cylinder wall, A, by 
screw-plug F ; elec¬ 
trical connection is 
made at binding 
post G ; the current 
passes back from 
the sparking-point, 
D, through E and 
the motor wall to 
earth. 
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a high-tension or jump-spark between perma¬ 
nently separated electrodes, insulated in a sparking- 
plug (Fig. 20), which is set into the combustion 
chamber. The first method, of which the de Dion 
system is typical, is illustrated in Fig. 21. The 
familiar Ruhmkorff coil is here employed, the 
theory of which is, roughly, that if a primary or 



Fig. 21. —Diagram of High-Tension or Secondary-Ignition Cir¬ 
cuit where Mechanically Operated Contact-Breaker ( T ) 
Produces a Jump-Spark, as in the de Dion System. 

low-tension current is passed through a coil of wire 
around a soft iron bar, both being insulated from 
each other, the bar becomes a powerful magnet. If 
this primary coil is wrapped with another coil of 
fine wire insulated from it, then whenever the pri¬ 
mary current is interrupted a secondary current of 
high tension is immediately set up in the outer coil. 
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It is this current which produces the spark in the 
sparking-plug. In the figure, B represents the bat¬ 
tery or source of the primary current, which is led 
through the switch, H, passing around the coil core, 
where it is indicated by P , thence to the contact- 
breaker at T, where it is grounded through the 
motor, returning through the frame of the car to 
the negative pole of the battery. The secondary 
circuit, S, with its sparking-point at Z, within 
the cylinder, is led around the core and its pri¬ 
mary winding. When the primary circuit is made 
by means of the contact-breaker, T, an induced cur¬ 
rent in the opposite direction is set up in the sec¬ 
ondary circuit 8. This is not, however, strong 
enough to cause a spark at Z, because it is retarded- 
by the inverse self-induced current of the primary 
winding of the coil, which tends to neutralize the 
rapid flow of the battery current. A condenser, C, 
is therefore connected in shunt across the terminals 
of the contact-breaker. When the primary circuit 
is broken at T the electrical pressure flows back 
from the condenser through the primary coil, in¬ 
stantly demagnetizing the core and enabling the 
secondary current to reach a potentiality high 
enough for it to leap the gap, Z, in the form of a 
spark. 

The operation of the contact-breaker may be 
understood from Fig. 22, illustrating an early form 
of the de Dion variety. H is the insulating cover 
of the apparatus. The primary current from the 
positive pole of the battery runs through the screw, 
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A, the end of which is covered with platinum and 
rests against a platinum blob on the flat vibra¬ 
tory spring, T, known as the trembler. From the 
trembler the current runs through the screw, B, to 
the grounding wire, and thence back through the 
frame of the car to the negative pole of the battery. 



Pig. 22.—Plan of de Dion Contact-Breaker for High-Tension 
Ignition. 


It will be seen that when the wedge of the trembler 
rests in the notch of the cam, E, the circuit is made. 
As the cam revolves, the trembler is pushed out of 
contact with the screw, A, and the circuit is broken. 
As the cam is set on the two-to-one shaft, it auto¬ 
matically makes and breaks the primary circuit 
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once in every two revolutions of the motor fly¬ 
wheel. 

By means of a rod and lever attached to the 
steering-wheel, the driver may swivel the contact- 
breaker, within certain limits, around the cam so 
that the wedge on the trembler will engage with the 
notch a little earlier or later than when in its normal 
position. This enables him to advance or retard 
the firing of the charge. Transmission of the com¬ 
bustion in the explosive mixture is not so instan¬ 
taneous as might be supposed. If the spark 
occurs when the piston is at the extreme height of 
its stroke and the crank-pin at the dead point, com¬ 
bustion, if the mixture is too rich, has not time to 
be complete, and the total expansive power is not 
obtained in the work of driving the piston on its 
downward stroke. It is better, therefore, for the 
spark to occur a little before the end of the com¬ 
pression-stroke. The sparking-cam is set so that 
with a minimum advance by the operator the charge 
is fired just before the end of the compression- 
stroke, and with a maximum advance, just after the 
commencement of the second half of the compres¬ 
sion-stroke; though with a large spark, a hot cyl¬ 
inder, and well-mixed fuel the spark is seldom set 
more than 15° or 20° ahead of dead center as meas¬ 
ured on the crank. In slow-speed motors it is gen¬ 
erally set about 5° after dead center. 

The system of jump-spark ignition described 
above is essentially that of de Dion and Bouton, 
and is of the “ break-contact ” variety. It is best 
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adapted to single-cylinder, high-speed motors. One 
objection to it is the large primary current required, 
which quickly exhausts the battery. The chief dif¬ 
ference between this system and that employing 
wipe or brush contact is in the method of breaking 
the primary circuit. In the magnetic-trembler sys¬ 
tem, of which the Benz circuit is typical, the pri¬ 
mary circuit is made automatically by a contact 
mechanism improperly called the “ commutator.” 


R 



Fio. 23 .—Method by which the Trembler Breaks the Primary 
Circuit, de Dion System, at A. Benz System at A . 


Its operation as compared with that of the con¬ 
tact-breaker will be understood by reference to Fig. 
23. A vulcanite disk, C, is rotated by the two-to- 
one shaft. The circumference of the disk contains 
a brass plate which is in electrical contact with the 
shaft. A spring, or “ brush,” B, bears against 
the disk, and as it wipes across the brass plate the 
primary circuit is made. The current immediately 
acts at the coil, R, magnetizing the core, which 
attracts the trembler, T, instantly breaking the cir¬ 
cuit, and of course inducing the high-tension cur- 
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rent in the secondary circuit, not shown in the fig¬ 
ure. The commutator is shown more fully in Fig. 
24. By reference to Fig. 25 this system of wipe- 



Fig. 24.—Plan of Contact Mechanism or “Commutator” of the 
Benz System of Hiqh-Tension Ignition. 

contact jump-spark ignition may be more readily 
compared with the break-contact variety previously 
described. 

With high-powered motors using the jump- 
spark ignition, storage-battery or “ accumulator ” 
is the usual source of current. This has the advan¬ 
tage that it can be recharged from any continuous 
electric-light circuit. The accumulator may be used 
alone as the sole source of current, or it may he 
used as a secondary battery to the primary dry¬ 
cell battery or to a small dynamo, in which case its 
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current is employed in starting, after which it is 
cut out of the circuit, and the dynamo furnishes the 
primary current for sparking. 

In automobiles using a primary or low-tension 
sparking circuit, the current may be furnished by a 
small dynamo, but more often a magneto-generator 
is employed. In either case a storage-battery fur¬ 
nishes the necessary electrical energy for starting. 
A magneto-generator consists usually of three per¬ 
manent, steel horseshoe magnets set on a metal base. 
On the inner faces of the magnets are fastened two 
hollow-faced pieces of metal called pole-pieces. (See 
P, Fig. 26.) Between these hangs the armature, 
a piece of soft iron hollowed out on both sides. 



Pig. 25.—A High-Tension or Secondary-Ignition Circuit where 
Wipe- or Brush-Contact “ Commutator ” and Magnetic Trem¬ 
bler Produce a Jump-Spark as in the Benz System. 

Around the armature, from end to end in these hol¬ 
lows, insulated wire is wrapped, forming a coil. 
Lines of magnetic force flow between the poles of 
the magnets through the soft iron of the armature, 
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when it is in the position shown at A in Fig. 26. If 
the armature be shifted to the position B, the lines 
will shift with it, following the direction of least 
resistance, since the armature winding of insulated 
wire acts as a non-conducting shield. Therefore if 
the armature be rotated or oscillated, an alternating 
current will he induced in the coil with which it is 
wound. By connecting one end of the armature 
winding with the frame of the car (grounding it) 
and the other with the sparking-plug, such a cur¬ 
rent may be employed for gas-engine ignition pro¬ 
vided the cut-off of the current be timed exactly at 



Position B. Position A. 

Pig. 26—Principle of the Magneto-Generator. 
E, horseshoe magnets; P, pole-pieces. 


the point of greatest intensity, which is when the 
armature is in position A. For ordinary ignition 
circuits an alternating current is not used, and the 
magneto, when employed with them, is provided 
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with means such as are used on the dynamo for 
producing a direct current. 

The simplest form of low-tension magneto igni¬ 
tion is the Simms-Bosch system, which operates 
with the ordinary alternating current, making and 
breaking the circuit at pre¬ 
cisely the instant of greatest 
intensity. In the Simms- 
Bosch magneto the armature 
is stationary (see Fig. 27), 
and between it and the pole- 
pieces of the magnets an open¬ 
sided hollow cylinder of soft 
iron is oscillated by means of 
a connecting-rod* and crank 
geared to an adjustable cam 
on the two-to-one shaft of the 
motor. The same cam also 
operates to break the circuit 
at contact-points in the com¬ 
bustion chamber at precisely 
the instant when the oscillat¬ 
ing sleeve cuts through the greatest number of mag¬ 
netic lines. (See Fig. 28.) The winding of the ar¬ 
mature, A, has one end grounded through the base¬ 
plate of the magneto, the current returning through 
the motor to the point S. The other end of the 
winding is led through an insulated post to the nut, 
N, by which it is connected with a stud brought 
through the cylinder wall, where a wiper, indicated 
by dotted outline, normally rests against it by 
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Fiq. 27.—Principle op 
the Simms-Bosch Mag¬ 
neto for Low-Ten¬ 
sion Ignition. 

A, magnet; W, base¬ 
plate ; N S, pole- 
pieces ; T, stationary 
armature, with wind¬ 
ing; V V, oscillating 
sleeve of soft iron. 
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means of a spring. The cam, C, on the half-time 
shaft, makes this contact just before sparking, and 
immediately breaks it again by permitting the ham- 



Fia. 28 .—Simms-Bosch Low-Tension Magneto System of 
Ignition. 


mer, T, to fall on the cam S. At the same instant 
the shield, E, is oscillated by the connecting-rod, R, 
so as to give the magnetic lines the direction of 
greatest intensity. As the contact is broken at N 
the spark is produced. 

It is apparent that the rapid and continuous 
explosion of the inflammable mixture in the com¬ 
bustion chamber would soon heat the cylinder to a 
point where the piston would bind against its walls 
and the lubricating-oil become oxidized upon the 
valves, quickly stopping the operation of the motor. 
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Means must therefore be provided for cooling the 
cylinder, which usually consists of a circulation of 
water around the cylinder in a jacket provided for 
the purpose. The simplest method of securing this 
is by the thermo-siphon system, illustrated in Fig. 
29. It is, of course, desirable to use the same water 
over and over again as long as possible. Usually it 
is brought back to the proper temperature by being 
passed through a radiator (Fig. 30), and is then 
returned to the cylinder. 

The question of proper temperature is a some¬ 
what delicate one, inasmuch as the efficiency of a 
gas-engine is represented by the ratio of heat-units 
converted into work compared to the total heat 



Fig. 29.—Plan of Thermo-siphon System of Jacket-Water 
Circulation for Cylinder Cooling. 


generated by combustion. Therefore it is equally 
important not to rob the cylinder of too much heat. 
If cold water were circulated around the cylinder, 
the action of the motor would be very quickly 
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stopped. The object of so-called cylinder cooling 
is really to keep the temperature of the cylinder 
walls somewhat below a point at which the effi¬ 
ciency of the motor would be interfered with, and 
at the same time to permit the temperature within 
the cylinder to be as high as possible. Most au¬ 
thorities agree that it is best to supply the water 
to the jacket at a few degrees below boiling-point. 
The water would then leave the jacket at a tem¬ 



perature slightly above boiling, and would be cir¬ 
culated through the radiator at a rate of speed just 
sufficient to restore it to the jacket at the same 
temperature at which it first entered. One author- 
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ity recommends the water should be used at the 
boiling-point and circulated by gravity as best in¬ 
suring a fixed temperature for the cylinders. The 



Pig. 31. 

The float, A, fed from a tank, maintains a constant water-level in the 
jacket, B, of the cylinder C ; the steam passes up the three middle 
tubes of the radiator D ; condensing in the top tube it is led back 
by tube, F, from the bottom of tube E. 

Gillet-Forest system consists practically in keep¬ 
ing a jacket of boiling water around the cylinder, 
which is replenished by means of a float-feed 
exactly in proportion to the rate at which vapori¬ 
zation takes place. The radiator is used merely to 
condense the vaporized water and return it to the 
jacket by gravity. (See Fig. 31.) 

The multitubular or “ honeycomb ” radiator 
(see Fig. 32), once practically universal, has fallen 
somewhat into disfavor. Its chief recommenda¬ 
tion was that it reduced evaporation of the water to 
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a minimum, but this very fact militates against the 
efficiency of the motor by keeping the jacket-water 
too cool. Various means are resorted to for 
securing the correct rate of circulation of the 
jacket-water supply, the most common being a 
pump, generally driven directly by the motor. 
While this method insures better control of the 
circulation than could always be assured with a 
gravity or thermo-siphon system, it is neverthe¬ 
less apparent that the pump will vary with the 
speed of the motor. Thus at slow speeds the cir- 



Pig. 32.—Typical Tubes Used in Honeycomb Radiators. 


culation will be slow, even though the motor may 
be heating itself rapidly, as in hill-climbing; at 
high speeds the circulation will be rapid, although 
a high wind pressure may be added to its de¬ 
creased cooling effect. In order to prevent freezing 
of the jacket-water when the motor is standing, 
solutions, usually of glycerin, or calcium chloride, 
are employed. 

American builders have been most active in 
developing systems of air-cooling for automobile- 
motors. Such systems depend for their successful 
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operation upon various means of increasing the 
radiating surface of the cylinder, such as flanges or 
ribs, either cast solid with the cylinder wall or of 
different metal forced around it in grooves cut for 
the purpose. Rotary fans driven by the motor- 
shaft are generally used to induce a circulation of 
air around the cylinders. Fans are sometimes used 
in connection with the water-circulation system, in 
order to insure proper cooling of the radiator. 

The disposition of the exhaust-gases from the 
cylinder constitutes another problem of motor con¬ 
struction. It is desirable to minimize the noise 
and prevent the dust which will be raised by direct 
escape into the atmosphere of these products of 
combustion. To accomplish this, the exhaust is led 
into a silencer or muffler, consisting in genei'al of a 
chamber or series of chambers, of greater dimen¬ 
sions than the exhaust-pipe. (See Fig. 33.) In 
these the gases are gradually broken up and dis¬ 
tributed to the atmosphere through finely perfo¬ 
rated tubes. 

The internal-combustion engine is not so elastic 
as the steam-engine or the electric-motor in adapt¬ 
ing its operation to the work to be performed. 
When the gasoline-motor is overloaded, it stops. 
If it is high-powered enough to master unusual 
obstacles, it is inclined to race when the obstacles 
are not forthcoming. Some device must therefore 
be provided for regulating the speed of the motor 
itself. The two principal methods of governing 
are (1) by varying the force of the explosion, or 
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(2) by omitting a certain number of explosions in 
a given time. The first method is accomplished in 
various ways, as by varying the proportion of air 
or gas in the firing charge, or by reducing the 
amount of mixture admitted for firing. This is 
known as “ throttling,” and is the most common 
method. In throttling, either the supply-valve may 
be retarded from lifting, or an auxiliary cut-off 
valve may be operated' in the supply-pipe either by 



Fig. 33.—Different Arrangements of Mufflers. 
The exhaust enters at A and escapes at S. 


the driver or by a centrifugal governor. Governing 
by cutting out the explosion altogether is prefer¬ 
able on the score of efficiency, which is seriously 
interfered with at times when the quality of the 
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mixture is changed and the compression-pressure 
reduced. The impulse may he suppressed by pre¬ 
venting the exhaust-valve from opening, retaining 
the burnt gases, which 
act as a buffer to the 
piston and prevent the 
admission of the charge 
on the suction-stroke. 

Or the exhaust may be 
left open on the suction- 
stroke, preventing suf¬ 
ficient vacuum to secure 
admission of the charge. 

This may be accom¬ 
plished by hand or by a 
centrifugal governor on 
the principle illustrated 
in Fig. 34. Most gov¬ 
ernors for the suppression of the stroke, how¬ 
ever, act directly on the inlet valve, or on the sup¬ 
ply-pipe, to prevent admission. The speed of the 
motor may he varied by advancing or retarding 
electric ignition, but this is wasteful of fuel and only 
useful for temporary emergencies. The ignition¬ 
timing device is not intended for governing, but 
serves a different purpose. (See Chapter on How 
to Run an Automobile.) A governing mechanism 
may be geared to open the sparking circuit, but this 
is not usual, as it would be wasteful of fuel and, in 
the case of a battery current, would involve short- 
circuiting. Whatever the governing device, the 
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Fig. 34.—Centrifugal “Hit- 
and-Miss ” Governor. 


The knife edge, K, is geared to 
rise and fall with the exhaust- 
valve. If the fly-balls, B B, 
are rotated fast enough they 
will separate sufficiently to 
drag up the notch-wheel, W, till 
it prevents K from descending, 
thus holding the exhaust-valve 
open till the speed is reduced 
and allows W to fall again. 



THE BOOK OF THE AUTOMOBILE 


driver should be able to prevent its operation at 
will in order to secure the maximum of power from 
the motor when desirable. 

As has been already explained, the gasoline- 
motor operates by the explosion of gas under 
pressure, thus producing expansive energy for the 
driving of the piston. The power of the engine 
depends, therefore, on conditions of volume, pres¬ 
sure, and temperature of the explosive mixture 
during the whole four-part cycle. Thus at the be¬ 
ginning of the inhaust-stroke, if we apply an indi¬ 
cator gauge to the cylinder, the pressure within is 
shown to be considerably below the pressure of the 
atmosphere (14.7 pounds per square inch), rising 
to about 13.5 pounds at the end of the stroke. 
During the compression-stroke the pressure rises 
from that of the atmosphere to 65 or 70 pounds, 
the volume of the gas reaching its smallest point 
at the end of the stroke, and the temperature rising 
to its highest point before combustion. Increase of 
temperature tends to increase of volume, and in¬ 
crease of volume to increase of pressure in the 
space within which the gas is confined. The charge 
being exploded just before the beginning of the ■ 
power-stroke of the piston reaches its highest point 
of temperature, volume, and pressure. The tem¬ 
perature rises from between 500° and 700° to be¬ 
tween 1,500° and 2,000°, and the pressure from 65 
or 70 pounds to 200 or 230 pounds to the square 
inch, which is, of course, exerted on the piston, and 
if it could be so exerted until again equal to that 
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of the atmosphere it would be completely trans¬ 
formed into work. Now pressure decreases in 
direct proportion to the increase in volume of the 
gas; in other words, it is less at the end of the 
stroke than at the beginning. Obviously such a 
variation must be kept within very narrow limits 
if the efficiency of the engine is to be maintained 
practically constant. This explains why the ratio 



Fio. 35. —Diagram Illustrating Ratio op Compression and 
Percentage op Clearance op a Motor-Cylinder. 


of the stroke of the piston to its diameter has such 
an important bearing on efficiency, since the longer 
the stroke the more uneven the pressure, due to 
greater increase in volume of the gas and larger 
surface for loss of heat-energy to the jacket-water 
of the cylinder. The ratio of compression is cal¬ 
culated by dividing the volume occupied by the 
compressed gas in the cylinder ( B, Fig. 35) into 
the volume occupied by the gas before compres- 
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sion A. The percentage of clearance is found by 
dividing the volume of the combustion chamber, 
B, into the volume of that portion of the cylinder 
swept by the piston C. Both are important fac¬ 
tors in determining efficiency; for a decrease in 
the size of the combustion chamber (reducing the 
percentage of clearance), if not so great as to re¬ 
duce too much the explosive charge, will tend to 
increase the ratio of compression, giving higher 
temperature and greater efficiency. Thus, while 
in early gas-engines the compression-pressure 
never reached 50 pounds to the square inch, mod¬ 
ern engines by nice calculations average a pres¬ 
sure of 70 pounds with correspondingly greater 
percentage of heat-units transformed into work, 
and smaller gas consumption per horse-power per 
hour. The average gas consumption per horse¬ 
power per hour is calculated by authorities at 
about 20 cubic feet, with engines of the most fa¬ 
vorable construction. Increase in compression ratio 
obtained at the expense of a relatively long piston 
stroke tends to be neutralized by the relatively 
larger area of water circulation. The average loss 
of heat-units to the water-jacket is 52 per cent of 
the total fuel efficiency. No portion of the piston 
sweep may be left unjacketed, though a small econ¬ 
omy may be maintained by employing a spherical 
clearance. A greater number of heat-units are 
sacrificed to the water-jacket when the engine is 
running at slow speed, since in high speeds the ex¬ 
plosions follow each other so rapidly as to reduce 
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the percentage of heat-units absorbed. There is 
also greater economy in fuel consumption at high 
speed. Thus a 12-horse-power engine run at a 
speed of only 2 horse-power would consume one- 
third instead of one-sixth as much fuel per horse¬ 
power per hour as if run at full speed. 

Another condition tending to decrease efficiency 
is presented by the necessity to exhaust the cylinder 
of the burnt gases, the heat-energy of which is not 
completely used up, since they are capable of fur¬ 
ther expansion. At the end of the power-stroke of 
the piston, the pressure of the burnt gases would 
be so far above that of the atmosphere as to retard 
the return-stroke of the piston were the exhaust- 
valve not opened at about seven-eighths of the 
power-stroke, when the gases begin their escape by 
their own expansion. The average loss of efficiency 
through the exhaust is about 16 per cent. Two in¬ 
teresting attempts have been made to overcome this 
loss from exhaust, by Messrs. Crossley and Atkin¬ 
son in England. Two types of stationary gas- 
engines have been invented by them, one of which 
works on the Atkinson cycle, giving a power-stroke 
much longer than the compression-stroke, thus util¬ 
izing more nearly the full expansion of the charge. 
In the Crossley three-cylinder gas-engine the 
principle of double expansion or compounding is 
employed, as in steam-engines, by the escape 
of the exhaust into a third cylinder, where it ex¬ 
pands at low pressure, converting its energy into 
work. It is probable that one or both of these 
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principles will eventually be applied in automobile 
construction. 

The several conditions just outlined which tend 
to modify the efficiency of the gasoline-motor are 
not so formidable in practise as they at first ap¬ 
pear. We are accustomed to think of efficiency as 
the relation between the heat (fuel) put into an 
engine and the work we get out of it, but in the 
present development of the automobile-motor the 
amount of fuel actually burned, while an important 
consideration, is not the most important, that being 
to get the maximum of power out of the minimum 
of plant. If it were possible for all the pressure 
of expansion developed at the temperature of ex¬ 
plosion to act, down to atmosphere, on the piston 
without absorption of heat-units to any extraneous 
source, we should realize the “ maximum theoret¬ 
ical efficiency ” of the gas-engine. Since tempera¬ 
ture and pressure vary in direct proportion, the 
rise in temperature from initial to explosion should 
represent this theoretical efficiency. In other 
words, if the temperature of compression (heat 
supplied to the engine) is 600° F., and the tem¬ 
perature of explosion (heat delivered by engine) 
is 3,000° F., then 2,400° F. are theoretically turned 

2,400 


into work, the theoretical efficiency being 


3,000' 


80 


per cent. 

But since the expansive gas is not allowed to 
exercise its pressure in work down to atmosphere, 
the temperature at exhaust would represent the 
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proportion of waste of the total temperature rise. 
If the exhaust temperature were 1,512° F., then 
1 512 

’ or 63 per cent, would represent the heat 

z,oO(J 

wasted, leaving 27 per cent as the “ actual heat- 
efficiency ” realized under most favorable condi¬ 
tions. The highest possible percentage of avail¬ 
able heat-units would be\the ratio between the 
theoretical and the actual heat-efficiencies, which in 

27 

the case above would give — = 33 J per cent as the 

oU 

“ mean theoretical efficiency.” “ Mechanical effi¬ 
ciency ” is estimated in terms of horse-power 
(H. P.). One horse-power is the rate of working 
when lifting 33,000 pounds—one foot in one min¬ 
ute—or it may be said to represent 33,000 “ foot¬ 
pounds ” per minute. A British thermal unit 
(B. T. U.) equals 778 foot-pounds per minute. 
This enables us to calculate the mechanical equiva¬ 
lent of a known quantity of heat, since it takes 
42.42 B. T. U. to exert 1 H. P. for one minute, 
or, in other words, 1 H. P. per hour — 2,545 
B. T. U. Since the calorific value of gasoline is 
21,900 B. T. U. per pound, if we know the fuel con¬ 
sumption of a motor per hour we can approximate 
its theoretical efficiency in horse-power and vice 
versa. 

To arrive at the mechanical efficiency of a given 
engine, it is necessary to calculate more closely. 
PA 

The formula ■ - - = B. H. P. is employed for 


6 
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this, where P — mean effective pressure per square 
inch on piston during power-stroke; A = area of 


per/poc £jvc/A/es. 



Fig. 36.— Diagram to Determine B. H. P. of a Gasoline-Motor 
Cylinder, Knowing Stroke, Bore, and R. P. M. 

Find length of stroke at left, follow line to right till it cuts line of 
revolutions per minute; follow diagonal line till it cuts line 
of bore, then continue directly to right and read H. P. on verti¬ 
cal scale. 


piston face in square inches; S — the length of the 
piston stroke in feet; E = the number of explo- 
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sions per minute. The product of these factors 
divided by 33,000, the number of foot-pounds per 
H. P. per minute, gives the “ indicated horse¬ 
power” (I. H. P.) of the motor. This is the me¬ 
chanical equivalent of the “ maximum theoretical 
efficiency,” and is, of course, greater than the actual 
or “delivered horse-power” (D. H. P.) under or¬ 
dinary operative conditions. To calculate this it 

is usual to employ the formula ^ = D. H. P. 

r J 18,000 


[Roberts], here D 2 — square of piston diameter 
in inches; L = length of piston stroke inches; R — 
number of revolutions per minute. The denomi¬ 
nator 18,000 is calculated by E. W. Roberts in his 
Gas-Engine Handbook for a four-cycle gasoline- 
engine. 

The most satisfactory method of ascertaining 
the D. H. P. of a motor is by means of a Prony 
brake or with a dynamometer, and one or the other 
of these machines is employed by manufacturers 
in determining the stated “ brake horse-power ” 
(B. H. P.) of their motors. 

Roberts’s formula above may be modified for 
approximate calculations by assuming an average 
piston speed. Since general practise in four-cycle 
engines favors a piston speed of 500 feet per min¬ 
ute, in small stationary engines up to 700 feet, and 
in automobile-motors 800 to 1,000 feet, we may 
take 600 feet as a mean. Since there are two 

2L X N 

strokes of the piston to every revolution, — — 
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= the number of feet per minute traveled by the 
piston, and by assumption ^ ^ ^ = 600, hence 


LN = 3,600. Substituting this figure for LN in 

Roberts’s formula, we get B. H. P. = 

lo,UU(J 

Z> 2 

—. In other words, the horse-power per cylinder 
0 


would be one-fifth of the square of the bore in 
inches; e. g., a motor with cylinders of 5 inches 
diameter, with assumed piston speed of 600 feet per. 
minute, should develop 5 B. H. P. per cylinder per 
hour, or 20 B. H. P. for a four-cylinder motor. The 
denominator 5 may be reduced by 1 for every in¬ 
crease of 100 or 200 revolutions per minute. Fqr 
more accurate calculations where bore and length 
of stroke are known, reference may be made to the 
convenient diagram from The Horseless Age, re¬ 
produced in Fig. 36. 
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THE STEAM-MOTOE 

The steam-engine, considered apart from its 
sources of expansive energy, was readily adaptable 
to automobile construction, since it was simple, re¬ 
liable, and elastic in its operation, and could be 
made very light in construction. The two serious 
drawbacks to its use, which development has 
striven to overcome, are the bulk of its fuel- and 
water-supply. The chief effort in steam-motor 
construction has been to secure a boiler as small 
and light as possible, in which it would be possible 
to get up steam of considerable pressure in the 
shortest possible time, and which would not be un¬ 
safe in more or less inexperienced hands. It was 
equally important to provide a primary source of 
heat-energy less bulky than the ordinary fire-box 
and burning fuel more readily transportable, in 
sufficient quantities, than was possible with wood 
or coal. 

The solution of the first of these problems ren¬ 
dered the tubular boiler imperative. Tubular 
boilers are of two kinds, fire-tube boilers and water- 
tube boilers, according to whether the tubes are to 
contain fire or water, respectively. Until recently, 
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fire-tube boilers were little used because of the diffi¬ 
culty of adapting the principle of the long horizon¬ 
tal tubes of the locomotive effectively to vertical 
use in the automobile. The small vertical fire-tube 
boiler has been chiefly developed in America. It 
is rarely over a foot either in diameter or height 
(see Fig. 37), but the large heating surface secured 
by the multiplicity of fire-flues makes it capable 



Fig. 37. —Tonkin Boiler, Showing Patent Baffle-Plate. 

of generating a working-pressure of 150 to 180 
pounds to the square inch, with a blow-off pres¬ 
sure of over 300 pounds. Several makes claim 
to have withstood tests of nearly three times their 
blow-off pressure. The tubes of such boilers are 
generally of copper, cold-drawn and expanded into 
the tube-plates at either end of the steel shell. Cop¬ 
per flues, as compared to steel, involve greater con¬ 
ductivity of heat and resist better the corrosion 
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and deposits of impure water, and are less liable 
to oxidization from heat. The inferior tensile 
strength of copper and copper-alloy tubing is not 
a serious drawback; in fact, it may work to posi¬ 
tive advantage. Thus if the boiler should run dry, 
or become overheated accidentally, the worst that 
could happen would be the collapse of a few tubes, 
instead of an explosion through the outer shell. 
One of the gravest difficulties in such small boilers 
is the danger of priming (the escape of unvapor¬ 
ized water into the cylinder). This is overcome in 
some instances by the use of a metal sheet, called 
the baffle-plate, fixed above the water-level with a 
small clearance around it through which only dry 
steam can escape. In connection with this, a “ sepa¬ 
rator ” is sometimes employed, consisting of a pipe 
of large diameter, running across the top plate of 
the boiler, and connected to the motor by another 
pipe contained within it and having a number of 
small holes drilled in its length. 

The preference given to water-tube boilers (see 
Figs. 38 and 39) in automobile construction indi¬ 
cates that, by their use, the control of circulation, 
by directing the rising and falling currents of 
water in the boiler, is most readily employed to 
secure quick steaming and greater durability. 
Chemical impurities precipitated from the water 
are more readily prevented from forming incrus¬ 
tations, being directed into mud-drums at the bot¬ 
tom of the water chamber, where they can be con¬ 
veniently removed. The importance of this is 
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evidenced, in that a scale deposit of one-sixteenth of 
an inch in thickness causes a loss of 13 per cent of 
fuel energy. On the other hand, the water-tube 



Fro. 38.— The Thorneycroft Boiler (English). 

With water-tubes arranged circularly around the fire. Total heating 
surface 132 square feet; working pressure up to 225 pounds. 


boilers tend to bulky and complicated construction, 
to greater liability to foaming and priming, and 
to danger of expulsion of water from tubes nearest 
the fire by overheating. 

Another type of boiler had its origin in the 
famous “ instantaneous generator ” of Serpollet, 
invented in 1889. This consisted of a coil of steel 
tubing, with a bore of about one-eighth of an inch. 
This coil, surrounded by a cast-iron covering, to 
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protect the steel from oxidization by heat, was 
exposed to fire. When the coil was superheated, 
water was injected in regular impulses, each injec¬ 
tion being almost instantaneously vaporized. The 
high velocity developed by the steam and water in 
the narrow bore was sufficient to keep the surface 
free from incrustations. For high-powered mo¬ 
tors, two coils were used, one above the other. 



Fig. 39.—Toledo Water-Tube Boiler (American). 


Within the inner shell, B B, lengths of weldless steel tubing form a 
spiral coil C; burner-flame is at Z); steam is taken from space 
A A, superheated in coil, and passed to motor through E. Work¬ 
ing pressure, 300-250 pounds. 


Water was injected into the lower coil and the 
steam was superheated in the upper. To stop such 
a motor, the feed-pump was simply shut off. A 
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pressure of 300 pounds to the square inch could be 
obtained for work, though the tube could withstand 
a test-pressure of 1,500 pounds. 

Utilizing the principle of Serpollet’s invention, 
several designers of automobiles have produced 
“ improved boilers ” along similar lines. Serpol¬ 
let’s first generator was simply a coil of flattened 
tubing; then two such coils were used, and lastly, a 
complicated series of coils and twisted tubing (see 
Fig. 40). In these the water was fed to the lowest 
tier, the steam being collected at the top. A directly 
opposite plan is followed in the most efficient flash- 
generators of other inventors (see Fig. 41), the 
water being introduced at the top and the steam 
superheated in the lowest coils. Thus the course of 
the water is always from a lower to a higher tem¬ 
perature, and absolutely dry steam is assured. 
With tubes of sufficient capacity, the flash-gener¬ 
ator offers advantages in quick steam, high pres¬ 
sure, and immunity from scale, priming, and explo¬ 
sion, which are unsurpassed. 

Liquid fuel, such as is used on all but the heav¬ 
iest steam-vehicles, secures economy both in space, 
weight, and fuel energy, since combustion is com¬ 
plete. Weight for weight, petroleum is estimated 
to produce about twice the heat-efficiency of coal. 
Kerosene and gasoline are most commonly used, 
both being vaporized by the heat of the burner, on 
the principle of the Bunsen flame as applied to 
a gasoline-stove. Typical gasoline-burners for 
steam-carriage use are shown in Figs. 42 and 43. 
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The liquid gasoline is supplied from a tank, car¬ 
ried well away from the burner, and within this 
tank an air-pressure of 45 to 50 pounds to the 



Fig. 41.— White Semiflash Boiler Consisting of Eleven Tubes 
(1-11) of Solid-Drawn Steel Tubing with One-Quarter of 
an Inch Bore. 


Water enters coil No. 1 and passes to coil No. 2 through connecting 
pipe (shown on top), thence to coil No. 3 and so on, all connecting 
pipes being above the coils. The end of the bottom coil connects 
with a pipe which passes across the burner P. At one end this 
pipe contains a thermostat which regulates the flame of the 
burner in accordance with the steam pressure. The screw-cap of 
thermostat regulator is shown at W with clean-out caps V V. 
The superheated steam passes up again through the long vertical 
pipe whence it is fed to the motor. ./is the main burner valve- 
stem; L, the connection to driver’s seat; D, union with regulator; 
T, cleaning plug for nozzle; M, mixing tube; E, F, (i, sub¬ 
burner gasoline valves; Q, subburner. The vaporizer is shown 
at 0 with its support S. The coils are held in position by 
spreaders, one of which is shown at IV. 
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Pig. 42.— The White Gasoline Burner, Heuulator, and Pilot- 

Lamp. 

Pis a casting with its upper surface formed into ridges, with numer¬ 
ous slits across them. This and the metal pan on which it rests 
(Pig. 41) form an open space, into which vaporized gasoline 
and air are injected through the cone, A, then issuing from the 
slits. Auxiliary air passes from beneath through tubes B. The 
vaporizer, 0 , is heated by the burner when lit; in starting it is 
heated by a plate fixed to it immediately above the pilot-lamp Q. 
The thermostat, C, is carried by the casting, K, and consists of a 
brass tube, C, enclosing a steel rod, D, connected by a bell- 
crank, E, with needle F. When temperature passing around G 
reaches a certain point, expansion causes D to draw away from 
K, and consequently F reduces the feed of gasoline. The driver 
can regulate the flow of gasoline to burner by valve J. 
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square inch is maintained by a separate air-tank 
supplied by a pump. After the burner has been 
started the supply of gasoline is controlled auto¬ 
matically by the steam-pressure, which operates a 



E 


Pm. 43.—Longuemeke Petroleum-Burner (English). 

Oil enters at A, is vaporized in steel worms, B, and is conducted by 
pipe, C, to screw-valve regulated by handle D. Seven burner-tips, 
E, are shown. The supply to each can be regulated independently, 
and any of them can be cut out at will. 

needle-valve on the supply-tube. (See Fig. 42.) 
The air-pressure in the tank is increased, when 
necessary, to prevent the burner being blown out. 
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Types of burner-regulator are explained in Figs. 
42 and 43. 

The operative principles of the steam-motor 
itself are comparatively simple. The primary ele¬ 
ments are the familiar closed cylinder, solid pis¬ 
ton, and rigid piston-rod, the reciprocal motion of 
which is turned into rotary motion by means of 
the connecting-rod and crank. (See Fig. 44.) 


Fy 



Pig. 44.—Diagram of Reciprocal and Rotary Motion as 
Obtained in the Steam-Motor. 

A, cylinder; B, piston ; C, piston-rod; D, hinged joint; E, connect¬ 
ing-rod ; F, crank-pin; (?, crank; E, motor-shaft. 

Steam is admitted alternately at either end of the 
cylinder, and its expansive force, bearing first on 
one face of the piston and then the other, drives it 
back and forth. Admission is accomplished by 
means of the sliding or D valve illustrated in 
Fig. 45. 

The operation of the sliding-valve is insured 
by link motion, which will be understood from Fig. 
46. Two circular disks, F E and B E, called eccen¬ 
trics, are keyed to the engine-shaft so that the axis 
of the shaft passes through a point near their cir¬ 
cumference. A ring encircles each eccentric, giv- 
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ing play so that the eccentric may revolve in the 
ring just as a crank-pin would. Rods F and B are 
attached to the rings and are joined at their oppo¬ 
site ends to a slotted metal arc called the link. In 
the slot is set the link-block, B, connected to the 
valve-rod. On this block the link can be slid in 





I. Piston at top of stroke; valve closed. II. Valve opening, piston 
descending. III. Valve open; supply and exhaust taking place. 
IV. Valve opening for return stroke. P, piston; G, cylinder; 
P R, piston-rod; S P, steam-port; E P, exhaust-port; S V, slid¬ 
ing-valve ; V R, valve-rod. 


either direction by means of the reversing lever. 
As the engine-shaft revolves, the eccentrics, through 
their rods and the link, impart the desired motion 
to the sliding-valve, but in different ways, accord¬ 
ing to the position of the link. In position I 
(Fig. 46) the forward eccentric, F E, imparts mo¬ 
tion to the valve, the other rod giving only a slight 
oscillation to the link. If the link be shoved over 
to position 111, bringing the backward eccentric, 
B E, and its rod, B, into gear, motion will be 
imparted to the valve by it; but since the eccen- 
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tries are set at an angle of over 180° to each other, 
the motion will be in reverse order—i. e., the steam 
will be first admitted to the backward face of the 
piston. If the link be pushed over to its middle 
point, position II, no motion at all will he im¬ 
parted to the valve, the eccentric-rods simply rock¬ 
ing the link slightly. Obviously between the points 
of “ full gear ” (I and III) and “ mid-gear ” (II) 
it is possible, by means of the link, to control the 
travel of the sliding-valve and to cut off the sup¬ 
ply of steam to each side of the piston at different 



Fig. 46. —Principle of Sliding Gear And Link-Motion of the 
Steam-Motor. 

I. Full gear forward. II. Mid-gear, no steam. III. Full gear reverse. 


lengths of the stroke. If the link is geared to 
operate the cut-off at four-fifths of the stroke, ob¬ 
viously a higher pressure will he exerted on the 
piston than if the cut-off were made at one-third 
stroke, since in the latter case the steam is exert¬ 
ing its energy, for two-thirds of the stroke, below 
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boiler-pressure. But full boiler-pressure may not 
be required throughout the stroke for the motor 
to maintain its speed under given conditions. Fur¬ 
thermore, it works much more economically with a 
cut-off at one-third stroke than at four-fifths, in 
proportion to the fuel consumed. If the driver 
cuts off later than three-quarters stroke, he not only 
wastes steam, but he gets less power because of 
the hack-pressure against the return-stroke, since 
the steam is not exhausted in time. With a cut-off 
at less than one-fourth stroke, the expansion of 
steam will cool the cylinder and cause the fresh 
charge to condense instead of to exert pressure. 
Between the limits of one-fourth and three-fourths 
stroke the driver must “ notch up ” his lever to give 
the earliest cut-off consistent with the work re¬ 
quired of the motor. In small motors the limits of 
fuel economy by means of cut-off are much nar¬ 
rower, such motors generally requiring a fly-wheel 
to maintain balance which altering the steam-sup¬ 
ply tends to disturb. A greater fuel economy than 
is possible with the cut-off is attained by com¬ 
pounding or using the exhaust-steam over again 
in one or more additional larger cylinders, where 
it is allowed to expand at low pressure. The cyl¬ 
inders may he placed end to end, using the same 
piston-rod when they form a tandem-compound 
engine. Or they may be placed side by side, oper¬ 
ating on a common crank-shaft through separate 
pistons, forming a cross-compound engine. 
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CHAPTER IV 


THE ELECTRIC MOTOR 

The electric motor considered by itself is vastly 
superior to any heat-engine in flexibility as to speed 
and power regulation, and in practical realization 
of theoretical efficiency. Electricity would therefore 
be the ideal motive agent for automobiles, were it 
not for the fact that each must carry its only sup¬ 
ply of energy. This makes it impractical for the 
self-propelled road-vehicle to take advantage of 
the trolley system, which has proved to be the best 
method of electric traction yet devised. Primary 
batteries which directly transform chemical energy 
into electrical energy are not feasible as a portable 
supply of current, because, unless of too great 
weight and bulk, they do not furnish sufficient 
power, and because the chemicals they consume 
cost more than would the fuel necessary to pro¬ 
duce an equal amount of energy by means of the 
dynamo. The electromobile is therefore dependent 
upon the secondary battery or accumulator as a 
self-contained means for the storage of electricity 
derived from some stationary generator. 

The phenomena of electrical activity arise from 
the familiar tendency of electricity to distribute 
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itself evenly by passing from a point of high poten¬ 
tial to one of lower potential, as evidenced in a flash 
of lightning. The tendency is analogous to that of 
water to seek the lowest level, or of heat being im¬ 
parted by a warm body to a cold one, till the tem¬ 
perature of both is the same. Thus between a piece 
of zinc and a piece of copper or carbon in contact 
with the air there is a slight transmission of elec¬ 
trical energy from the latter to the former. Car¬ 
bon and copper are much more susceptible to being 
charged with electrical energy than is zinc; they 
also give off such a charge more readily. Hence 
if we immerse two such dissimilar substances as 
a piece of copper and a piece of zinc in an electro¬ 
lyte (in this case, a weak solution of sulphuric, 
acid) and connect them through the air by a wire, 
the copper will tend to impart its electricity to the 
zinc along the wire, while through the liquid it will 
tend to receive electricity from the zinc. Thus a 
flow or current of electromotive force (E. M. F.) 
is established along the wire from the copper, or 
positive (+) pole of the battery to the zinc, or 
negative (—) pole, and through the liquid from 
the zinc as positive plate to the copper or negative 
plate. The current does not flow in the opposite 
direction because electricity seeks always the line 
of least resistance. Since the circuit-wire attached 
to the copper plate offers less resistance than the 
electrolytic solution, the copper plate, which is of 
higher “ specific potential ” than the zinc, readily 
discharges its electricity along the wire to the zinc. 
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The zinc, on the other hand, offers greater resist¬ 
ance to the passage of current than does the cop¬ 
per, and discharges its electricity more slowly. 
Hence within the liquid it has the higher potential. 
It must, however, discharge the E. M. F. heaped 
upon it from the copper plate along the wire, and 
it does this through the liquid, which offers less 



Pig. 47. —Diagram op Points of High and Low Potential in a 
Battery-Circuit and a Battery-Cell. 

resistance than the wire already carrying a con¬ 
siderable charge of electricity from the copper. 
This will be better understood by reference to 
Fig. 47. 

The passage of the E. M. F. through the elec¬ 
trolyte decomposes it, in the case of dilute sul¬ 
phuric acid, into hydrogen, oxygen, and sulphuric 
oxid. The oxygen unites with the zinc, decom¬ 
posing it, and the hydrogen is deposited on the 
copper in small bubbles. In order that the process 
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may continue till the zinc is exhausted, the cell is 
supplied with some “ depolarizer ” having a high 
chemical affinity for hydrogen. If we could reverse 
the process of the galvanic cell, by causing the cur¬ 
rent to flow in opposite directions, recombining the 
decomposed elements into their original form, we 
should have a fair analogy of the theory on which 
the accumulator or storage-battery is constructed. 
In 1801 Gautherot, by immersing two plates of plat¬ 
inum in an electrolyte and connecting one plate to 
each pole of a primary cell, discovered that the cur¬ 
rent operated to decompose the water in the sec¬ 
ondary cell, bubbles of oxygen collecting on the 
plate connected with the positive pole and bubbles 
of hydrogen on that connected with the negative 
pole. He found, upon disconnecting the primary 
cell and connecting the platinum electrodes of the 
secondary cell, that the oxygen and hydrogen 
combined again, forming water, the action being 
accompanied by the flow of an electrical current 
along the wire between the two electrodes, in an 
opposite direction to the current from the primary 
cell. (See Fig. 48.) Gaston Plante in 1863 ap¬ 
plied this principle in the construction of the first 
practical storage-battery. Instead of platinum, he 
suspended in dilute sulphuric acid two sheets of 
lead. When the current from a primary cell passed 
between them, the same electrolysis of the water 
took place, with the important difference that the 
oxygen, deposited on the anode, combined with the 
lead to form lead peroxide. Upon connecting the 
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positive and negative electrodes of the accumulator, 
a weak current could be obtained until all the oxygen 
combined with the anode had been liberated. Ob¬ 
viously this provided means for storing consider¬ 
able E. M. F. 

In order to answer the question, how much, we 
must understand something of the units of elec¬ 
trical measurements. A current of electricity is, 



Pig. 48. —Diagram Illustrating Gautherot’s Discovert of the 
Principle of the Storage-Battery. 


as we have seen, the passage of E. M. F., usually 
along a wire or other connecting circuit, from a 
point of high to one of low potential, or from the 
positive to the negative pole. The strength of this 
current is measured in amperes. 

A current strong enough to deposit .00033 
gram of copper, by the familiar electroplating 
process, during each second of the time it flows, is 
denominated a current of one ampere. If the cur¬ 
rent took ten seconds to deposit the same amount 
of copper, its strength would only be 0.1 ampere; 
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if it deposited twice as much copper in one second, 
or the same amount of copper in one-half second, 
it would be a current of two amperes, etc. 

Since electricity always passes from a point of 
high potential to one of lower potential, we must 
he able to measure the pressure or intensity of the 
current at any point, and this is done in terms of 
the volt. One volt of E. M. F. represents the pres¬ 
sure sufficient to produce a current of one ampere 
on a circuit of one ohm resistance. We have seen 
that E. M. F. flows more readily through some sub¬ 
stances than others. Thus the conductivity of a 
unit wire of silver is 100, copper 99, iron 16.8. An 
ohm represents the resistance to the passage of one 
volt E. M. F. by a column of mercury 106.3 centi¬ 
meters high and one square millimeter cross-sec¬ 
tion. 

The rate of mechanical energy of an electrical 
current is measured by the watt, which is repre¬ 
sented by one ampere of current under pressure of 
one volt. Thus a current of eight amperes at 1,000 
volts pressure has an energy of 8,000 watts or 
eight kilowatts (1 kwt. = 1,000 watts). Knowing 
the operative capacity of an electric motor in kilo¬ 
watts, we can translate it into horse-power by 
dividing by 746, the number of watts in the Eng¬ 
lish standard H. P. Knowing the voltage and am¬ 
perage of an electrical current, we have but to 
multiply these together to obtain the number of 
kilowatts developed. The voltage of a current may 
be measured by an instrument known as the volt- 
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meter and its amperage by another instrument 
called the ammeter. For automobile use, the two 
are usually combined in one case, with the scale of 
each showing to the operator (see Fig. 49); who 
thus has before him a constant indication of the 
amount and intensity of his current, and of the 
rate at which it is being used. 

The discharging capacity of the storage-battery 
is, unless otherwise stated, understood to be in 



Fra. 49 .—Types of Ammeter for Electric Vehicles. 


terms of the strength of current it will deliver 
for eight hours without the cells falling below their 
specified voltage. Thus a battery rated at 80 am¬ 
pere-hours, with cells of 1.5 voltage, will deliver a 
current of 10 amperes for eight hours without 
falling below the specified voltage. If we increase 
the rate of discharge, we decrease the ampere-hour 
capacity in proportion. Thus if we discharge a 
current at 20 amperes, the capacity falls to 60 
ampere-hours; if discharged at 40 amperes, the 
capacity would fall to 40 ampere-hours. As a gen- 
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eral rule, the one-hour discharge-rate is about four 
times that of the eight-hour rate, which means that 
if the ammeter constantly shows a current of 40 
amperes, the battery will not maintain its voltage 
for more than one hour. The three-hour discharge- 
rate is twice that of the eight-hour rate, and it or 
the four-hour rate are rarely exceeded for high 
speed. The strength of current used in charging 
an accumulator must be proportioned to its own 
ampere-hour capacity in accordance with instruc¬ 
tions issued by the makers. Knowing the voltage 
and ampere-hour capacity of an accumulator, we 
can readily calculate its specific power output. An 
80-ampere-hour battery, of 1.5 voltage, would have 
a power represented by 120 watt-hours, which 
means that it is capable of exerting a force of 15 
watts per hour for eight hours. 

Accumulators have been adapted in various 
ways to automobile use, the problem, of course, 
being to secure the greatest specific energy with the 
least bulk and weight, or, stated mechanically, the 
highest watt-hour capacity per kilogram. The 
efficiency of the accumulator is also an important 
consideration, being the amount of electrical energy 
it will discharge in proportion to the amount it 
takes to charge it. Average figures run between 70 
per cent and 90 per cent. 

In 1901 a new nickel-iron accumulator with 20 
per cent solution of potash and water was an¬ 
nounced by T. A. Edison. This gave 1.5 volts 
E. M. F., and was said to be capable of rapid 
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charging and discharging as well as overcharging 
without injury. It has not yet proved efficient in 
practical use. 

Accumulators giving good results have been 
constructed by combining zinc and copper in an 
electrolytic solution of potash or caustic soda, giv¬ 
ing an E. M. F. of about 0.8 volt. Lead and zinc, 
with dilute sulphuric acid, yield an E. M. F. of 
2.4 volts, but are extremely difficult to charge. The 



Fig. 50.—Faure-Sellon-Volckmar Negative and Positive Plates. 


most common form is the lead-and-lead, either of 
the Plante or Faure variety. The plates of the 
Plante kind are “ formed ” by a process of repeated 
charging and discharging of the cells till the plates 
assume a spongy character, which increases the sur¬ 
face exposed to the action of oxygen. Numerous 
modifications of this process have the same end in 
view. The Faure type consists of plates with nu¬ 
merous pockets or perforations, forming a “ grid ” 
in which active material is introduced in the form 
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of paste, composed usually of red-lead oxid and 
litharge. Sometimes a combination of these two 
types of plate is employed in the same accumulator. 

Several varieties of accumulator plates and ele¬ 
ments are shown in Figs. 50-55. Each element 
contains an odd number of plates, so that the posi¬ 
tives may be enclosed by negatives, otherwise the 
positives would be acted upon unevenly and would 

warp. To prevent con¬ 
tact, thin perforated 
sheets of some non¬ 
conducting material are 
hung between the plates. 
The receptacles are 
generally of ebonite. 
Celluloid, on account of 
its lightness and trans¬ 
parency, would make 
an ideal container were 
it not so inflammable. The lid of the receptacle 
is usually sealed to prevent splashing of the liquid. 
The chief difficulty with “pasted” plates (which 
are the most prevalent type) is that the active ma¬ 
terial does not adhere to the grid satisfactorily. 
The chemical action, upon which the accumulator 
depends, tends to separate the paste from the sup¬ 
port. Portions of it, falling between two plates 
or on the bottom of the celi, may effect connection 
between a positive and negative electrode, thus 
short-circuiting the battery and rendering it use¬ 
less until fixed and recharged. 



Pig. 51.—Pope Electrode. 
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The following table (from Hasluck’s The Auto¬ 
mobile) shows comparatively the specific constants 
of several varieties of accumulator, and will give a 
basis of comparison as to the energy to be derived 
in proportion to the weight (1 kilogram — 2.2 
pounds): 


Particulars of 
Accumulator. 

Ful- 

men. 

Faure- 

Sellon- 

Volck- 

mar. 

Pulvts. 

Soci6t6 
Ano- 
nyme 
pour le 
Travail 
des M6- 
taux. 

Bou¬ 

quet, 

Garcin, 

and 

Schivre 

Phoe¬ 

bus. 

Pisca 

Number of plates in 
ordinary cell. 

13 

23 

7 

13 

15 

13 

13 

Specific discharge in 
amperes per kg... 
Specific useful power 
in watts per kg... 

3 

1.6 

1.87 

2.17 

3 

2 

2.2 

5.3 

3 

3.65 

4.1 

5.3 

3.7 

4.2 

Specific capacity in 
ampere-hours per 
kg. 

14.6 

8 

9.37 

7.76 

21 

9.9 

6.6 

Specific useful en¬ 
ergy in watt-hours 
per kg.. 

26 

15 

18.25 

14.7 

27.6 

18.5 

12.6 

Specific weight in kg. 
per kilowatt-hour. 

37.5 

65 

54.6 

68 

36.2 

54 

79.2 


Calculations for weight based on this table will 
be higher than required in practise. The electric- 
carriage trials, held November, 1889, by the Auto¬ 
mobile Club of France, demonstrated that accumu¬ 
lators giving 25 watt-hours per kilogram (2.2 
pounds) can maintain a speed of 18 kilometers 
(11.2 miles) per hour for five hours, i. e., they can 
run the car 56 miles without recharging. The total 
weights of the accumulators varied from 26 per 
cent to 32 per cent of the total vehicle-weight when 
loaded. Hospatalier gives the following estimate 
of practicable relative weights: 
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Parts of Car, etc. 

Weight in kg. 

Weight in lb. 

Weight in kg. 

Weight in lb. 

Accumulators. .. 
Motor and trans¬ 
mission gear.. 
Coupling, con¬ 
nections, ac- 

120 to 150 

2G4 to 330 


300 to 350 

660 to 770 

cessories. 

Body, frame, and 

wheels. 

Two passengers 
and driver.... 

50 to 80 

300 to 400 

210 to 220 

110 to 176 

660 to 880 

462 to 484 

j 

680 to 850 

1,496 to 1,870 



Totals, 980 to 1,200 

2,156 to 2,640 


Given a portable source of electrical current of 
sufficient intensity, there must be a means of con¬ 
verting the motive agent thus derived into rotary 



Pig. 53.—Lamina Accumulator. 


motion. This is provided by the electric motor, 
whose general construction is the same as that of 
the dynamo, a machine for converting rotary mo¬ 
tion into electrical current. The operation of the 
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motor, however, is exactly the reverse of the dy¬ 
namo, and the latter may be run as a motor by 
simply changing its connections. Both depend 
upon the phenomena of electromagnetism and in¬ 


duced currents. A bar 
of iron wound with 
a coil of low-resistance 
copper wire becomes an 
electromagnet when a 
current of electricity is 



Fig. 53.—Rosenthal or Na¬ 
tional Accumulator Plate. 



Fig. 54.—Rosenthal or Na¬ 
tional Accumulator Cell. 


passing through the coil. Lines of magnetic force 
flow between the poles of the magnet. If these lines 
are cut by a double loop of wire (C C, Fig. 56) 
rotated on an armature A, a current will be 
induced in the wire which will reach its greatest 
intensity when the loop, C C, is in a horizontal 
plane relative to the lines of force. As the loop, 
C C, passes the horizontal, the direction of the 
current will be reversed. Two brushes, B B, may 
collect the alternating current from the insulated 
terminal drums of the circuit, G C, and the cur- 
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rent may be led from these brushes by a wire 
circuit E. This illustrates crudely the con¬ 
struction and operation of a dynamo. In prac¬ 
tise the armature carries a great many loops, 



Pie. 55 .—Battery of Rosenthal or National Cells. 


thus cutting through the lines of force at great fre¬ 
quency and producing a current of higher inten¬ 
sity. Instead of the two drums shown in Fig. 56, 
the brushes take up the current from a commutator, 
a device which need not be described here further 
than to say it delivers the alternating current as 
a direct current. 

The dynamo may have the terminals of the 
windings of its field-magnets connected to some 
extraneous source of electrical energy, in which 
case it is of the separately excited type. It is more 
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common to connect the terminals to the brushes, 
as there is sufficient magnetism in the field to in¬ 
duce a current at starting. The manner of con¬ 
necting the field-winding is the important differ- 
erence in dynamos so far as an understanding of 
the electric motor is concerned. These may be (1) 
series-wound, i. e., one terminal connected to one 
brush and the other terminal to the outside line; 
(2) shunt-wound, i. e., both terminals connected to 
the outside line, whose terminals are connected to 
the brushes; (3) compound-wound, i. e., a heavy 
low-resistance winding connected to the outside line 
as in series-winding, and an additional winding 



Fig. 56.—Diagram Illustrating the Principle of the Dynamo. 

connected in shunt. Fig. 57 will make these con¬ 
nections clear. 

As the dynamo-armature rotates, the reaction 
between its windings and the magnetic field polar¬ 
izes the armature in a peculiar way illustrated in 
Fig. 58. N N and S S are the two points of con- 
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tact of the commutator-brushes where the current 
enters and leaves the armature windings. The 




mmn 


■\om 


Pig, 57.—Manner of Connecting the Field-Windings in 
Different Types of Dynamo. 


Field-windings are represented by zigzag lines and the armature by 
a circle with two tangents indicating the brushes as they rest on 
the commutator. 


tendency of the current is to produce two magnets 
in the armature on either side of the “ diameter 
of commutation,” D D, with two north, N N, and 
two south, S S, poles, which are in effect one pole 



Fig. 58.—Polarization of the Armature in Dynamo or Electric 

Motor. 

at each point of brush-contact. The axis of the 
poles is at right angles to the lines of force between 
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the poles of the field-magnets, and there is a mutual 
attraction and repulsion between the armature 
poles and the field-magnet poles as the armature 
rotates. This acts as a magnetic drag on the rota¬ 
tion. In the case of the electric motor, where the 
current from the battery flows partly through the 
winding of the armature and partly through those 
of the field-magnets, polarizing both, the magnetic 


DYNAMO MOTO« 



Fig. 59.—Diagram of the Operative Principles of a Dynamo 
and Motor, the Former Supplying Current to the Latter. 

NS, poles of the field; D D, diameter of commutation; B B, brushes; 
A, armature. Large arrows show direction of E.M.F.- small ar¬ 
rows, C.E.M.F. 

drag becomes the driving force through which ro¬ 
tary motion of the armature is induced. This may 
be better illustrated in Fig. 59, which shows the 
operation of a dynamo driving a motor. The ro¬ 
tation of the two armatures, A, is in the same 
direction. The diameter of commutation, D, with 
the points of brush-contact, B, is inclined in the 
direction of rotation in the dynamo, while in the 
motor it is inclined against it. Large arrows indi¬ 
cate the direction of E. M. F. in the field, while 
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small arrows indicate the direction in the armature 
windings. In the dynamo the two directions are 
the same, i. e., from the lower to the upper brush. 
In the motor the E. M. F. of the armature is in 
the opposite direction to that of the field. The side- 
thrust from field to armature in the dynamo is 
therefore seen to he against the direction of ro¬ 
tation, while in the motor it is with it. It will 
be readily understood that this counter E. M. F. 
(C. E. M. F.) in the armature windings of the mo¬ 
tor is increased as the strength of the field is in¬ 
creased for greater speed of the motor. The more 
rapid rotation of the armature tends in itself to 
increase the C. E. M. F., which operates to over¬ 
come resistance to the motion of the armature by. 
virtue of the increased side-thrust from the field. 
Hence there is a greater resistance to the operation 
of the electric motor at low speed than at high 
speed. 

Now this tendency of the rotating armature 
to overcome internal resistance more readily at 
high speed and under light load is the opposite of 
what it requires in practise, since the twisting- 
power or torque of the motor is the number of 
foot-pounds it can exert in overcoming external 
resistance or load. In series-wound motors the 
torque is almost directly proportioned to the 
E. M. F., and since a rapidly rotating armature 
generates more C. E. M. F., there is a correspond¬ 
ing loss of current strength and consequently of 
mechanical efficiency at high armature speed. If, 
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for example, the resistance of the armature winding 
is one ohm, and the E. M. F. of the battery current 
18 volts, we would have an available current of 18 
amperes. But if the armature is rotating rapidly 
enough to generate 12 volts C. E. M. F., the work¬ 
ing strength of the current will he cut down to six 
amperes. A delicate problem therefore confronts 
the designer of electric vehicle-motors. Lightness 
must he combined with high power against rela¬ 
tively heavy load and even 100 per cent overload. 
In the light stationary motor designed for constant 
load, it is easy enough to secure power sufficiently 
high by high armature speed. In the vehicle-motor, 
power must be secured at low angular velocity of 
the armature. Hence in construction it is custom¬ 
ary to have the armature of as large diameter as 
is consistent with the centrifugal pull on the wind¬ 
ing, and to have the tangential speed of the trans¬ 
mission-gear ae high as possible. The armature 
winding is also given as low resistance as possible, 
thus reducing the C. E. M. F., while the number of 
poles in the magnetic field is sometimes increased. 
Shunt-wound or compound-wound motors are occa¬ 
sionally employed in order to maintain constant 
speed under varying load by varying the strength 
of field. 

The horse-power of an electric motor is calcu¬ 
lated from the product of (1) its torque, T, which 
is found by brake test; (2) its speed, S, = ar¬ 
mature revolutions per minute; (3) the radius, 
R, of the armature in inches multiplied by the 
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constant 2 7 r (= 6.283) and divided by the foot- 
pounds in 1 H. P. H.P. =-^- 

The range of horse-power in small vehicle 
motors is very wide, most motors being wound to 
develop sufficient to take between 100 per cent to 
200 per cent overload. One American concern 
states that some of their motors, which have been 
in continual use on express wagons for over a year, 
are worked frequently for five or six minutes to 
500 per cent overload several times a day. Since 
the motor is capable of such elasticity, the speed of 
an electric vehicle is almost invariably varied by 
varying the speed of the motor. This can be ac¬ 
complished by altering the voltage of motor ter T 
minals by introducing a rheostat in the armature 
circuit or by modifying the strength of the field 
or by coupling the armature windings in different 
ways. The most common and at the same time 
the best method consists in coupling the accumula¬ 
tor batteries in different combinations, so as to give 
currents of different intensities. In a 40-cell bat¬ 
tery, for instance, arranged in groups of ten cells, 
each cell giving 2 volts E. M. F., the four groups 
may be coupled in parallel, giving a current of 20 
volts. If the four groups be coupled in series, a 
current of 80 volts is obtained. By coupling each 
pair of groups in series, and then coupling the two 
pairs in parallel, a current of 40 volts may be ob¬ 
tained. These three couplings give three distinct 
speeds. Intermediate speeds can be obtained by 
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varying the number of cells in the groups or by 
introducing variable resistance in the circuit. 

The strength of the field may be altered to 
modify speed by introducing a variable switch re¬ 
sistance between the field-circuit terminals; the 
lower the resistance, the more current it will take 
up from passing through the field-windings. The 
field-windings themselves may be connected in 
series or in parallel to vary the strength of field, 
and the armature windings may be coupled in the 
same way, thus giving a range of control over the 
E. M. F. of the field and the C. E. M. F. of the 
armature relative to each other. When two mo¬ 
tors are used for driving, one on each wheel, which 
is now standard practise, these may be coupled, 
either in series or in parallel, thus giving double 
the power, or half the power at the same speed of 
. the motors. 

These various connections for the control of the 
electric vehicle are accomplished by means of the 
controller or speed regulator, the operation of 
which by the driver consists merely in moving a 
lever backward or forward. This lever moves a 
commutating switch consisting of a cylinder upon 
which are contacts, making various circuits by 
being rotated into connection with brushes rubbing 
against them. To the terminals of these brushes 
are connected the accumulator terminals, motor 
brushes, field, and armature windings, rheostats, 
etc. The ordinary type of controller is usually 
arranged to give four speeds ahead and two re- 
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verse. An “ off position ” cuts out the motor and 
connects the batteries in series for recharging. 
Common types of controller provide for change of 
speed by commutation of motor fields and of bat- 



Fig. 60.—Westinghouse Vehicle-Motor Showing Connections. 


teries in two groups, batteries generally being con¬ 
nected in series and fields in parallel on highest 
speed. Where more power than necessary for con¬ 
trol of the vehicle is likely to he required, as in 
trucks, extra contacts are provided on the drum for 
introducing resistances into the field-windings. 

Shunt-wound motors, which may be operated in 
the same direction as either dynamo or motor, may 
be arranged so that in running down-hill the motion 
of the vehicle wheels will drive them as a dynamo, 
furnishing current to the battery instead of receiv¬ 
ing current from it. In series-wound motors, if 
the motor is run as a dynamo by the vehicle, and 
suitable resistance is interposed to transform the 
current into heat, the motor acts as a brake. The 
lower the resistance the greater the braking power. 
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Means must be provided to change the direction of 
the current in armature or field-windings, so that 
the motor will generate current by turning in the 
same direction, as when being run as a motor. The 
electric brake is not commonly used, because it com¬ 
plicates construction and, if applied at high speeds, 
is liable to burn out the armature windings. Views 
of typical vehicle motors are shown in Figs. 60 and 
61, and a typical controller in Fig. 62. 

Attempts, more or less successful, have been 
made to combine in one mechanism the advantages 
of the gasoline and the electric motor. In this sys¬ 
tem, the former takes the place of the storage bat¬ 
tery and the latter that of the transmission gear. 



Pig. 61. —Side and Front Elevations op a General Electric 
Company’s Vehicle-Motor. 


The system consists in driving a dynamo directly by 
the gasoline-motor, the dynamo furnishing current 
to electric motors which propel the car in the usual 
way. The advantage of an independent, self-con- 
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tained source of electrical energy is evident, and 
obtained at greater efficiency weight for weight than 
with the storage battery. The control is, of 
course, much simpler than with either gasoline R 
or steam as the motive power. There is de- U 
cided increase in noise and vibration over the 
electric car with accumulator J 

current, and also an increase fltO // 
in actual weight | ~[ 

over the gaso- i . . . . . . | | 1 1 

ing the gasoline- 

motor, the dyna- Fig. g2 _—p 0 pe Controller. 


mo is run as a 


motor by means of a battery current, so that the 
disadvantages of cranking, etc., are eliminated, as 
against the gasoline vehicle. 

The most successful gasoline-electric systems 
appear to be those in which a small storage battery 
is added to the equipment. This absorbs the excess 
current not required in running, and renders it 
available when additional power is needed. The 
first practical gasoline-electric car appears to have 
been of American construction and was exhibited in 


Chicago by its inventor, W. H. Patton, about 1895. 
In May, 1896, H. J. Dowsing patented a much 
simpler system, which has been adopted by the 
Liege firm of Paris and shown in their Pieper car, 
exhibited at the Tuileries in 1899. In this car a 


storage battery is included as in the Fischer sys- 
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tem, which is typical of this construction. (See 
Fig. 63.) As yet the gasoline-electric system has 
not been developed to any extent for light vehicles. 
The Fischer system is apparently proving advan¬ 
tageous for commercial cars. The Lohner-Porsche 



Pig. 63.—Diagram of Fischer Gasoline-Electric System. 

is a type of gasoline-electric without storage bat¬ 
tery. In the Germain and the Hart systems no 
accumulators are used, but the dynamo-motor por¬ 
tion of the system really constitutes a sort of elec¬ 
tric change-speed gear, the gasoline-motor driving 
direct and the dynamo-motors furnishing additional 
power or braking effect as required to control the 
speed. 
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CHAPTER V 


TRANSMISSION AND CONTROL 

Transmission of power from motor to road- 
tires involves in automobiles some nice problems 
of construction, which are most complex in gaso¬ 
line-driven vehicles. Electric- and steam-motors 
possess considerable elasticity in speed-changing 
and reversal, permitting more direct transmission 
to the driving-axle. The gasoline-motor can change 
speed only slightly by modifying its power, which 
seriously interferes with its efficiency, and it is 
incapable of reversal. It would be exceedingly in¬ 
convenient to stop the motor every time it became 
necessary to bring the car to a sudden halt by 
applying the brakes, as the driver would have to 
dismount in order to start again. In coasting down 
hill the speed of the wheels would frequently ex¬ 
ceed the speed of the motor, and if the two were 
directly connected, there would be great danger of 
injuring the latter by overrunning. Therefore, 
whatever the system of transmission employed in 
a gasoline-vehicle, it must be possible to discon¬ 
nect it instantly and completely from the motor, 
allowing the latter to run independently when 
necessary. This is accomplished by means of a 
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clutch. In its simplest form this is merely a 
sliding ring or collar on the end of one shaft, on 
which it may be moved forward to engage posi¬ 
tively with a slotted collar fixed at the end of 
another shaft. These “ crab ” or “ jaw clutches ” 
are not used for the main connection of the trans¬ 
mission-gear to the motor, as their action would 
be so sudden as to cause dangerous strain. The 
main clutch is most commonly of the “ friction ” 



ca~r ctvrc* e***»o,* cturc*. 

Pig. 64. —Principle of the Pric- Pig. 65. —Principle of the Ex- 

tion-Clutch, Cone Variety. panding Friction-Clutch. 


type. (See Fig. 64.) The friction-clutch is usually 
applied to the fly-wheel, one side of which contains 
a cone-shaped hollow wherein a solid or “ male ” 
cone at the end of the transmission-shaft is nor¬ 
mally engaged by a powerful spring. A foot-pedal 
operated by the driver can instantly remove the 
pressure of the spring, and thus disconnect the 
secondary shaft. One or both of the conical sur¬ 
faces of the clutch may be covered with leather or 
other substance conducive to frictional contact. A 
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variation of this type is the expanding-clutch illus¬ 
trated in Fig. 65. Obviously the friction-clutch 
enables the secondary shaft to take up the power 
of the motor gradually, since the engagement is 
made with more or less slipping of the surfaces 
just as in ordinary belt-and-pulley transmission. 
Several variations of the above principle exist 
wherein the gradual engagement of parallel re¬ 
volving surfaces is induced by spiral springs, by 
the hydraulic action of oil admitted by a valve, or 
by magnetic attraction. In the operation of the 
cone-clutch there is a decided tendency to undesir¬ 
able thrust being exerted on one of the shafts at 
the moment of engagement. Various devices are 
employed for taking up this thrust by intermediary 
bearings. It is not present in clutches of the ex¬ 
panding type. 

Reversal with the gasoline-motor may be pro¬ 
vided for by arranging two clutches geared to drive 
in opposite directions, one being engaged for for¬ 
ward motion and the other when driving backward. 
Usually the reversing-gear is a part of the system 
of “ change-speed gears ” employed on all gaso¬ 
line-vehicles and on many steam-carriages. All 
speed-changing mechanisms depend upon the fa¬ 
miliar fact that when one cog-wheel or “ pinion ” 
drives, another motion is imparted to the second 
wheel in the opposite direction from the first, and 
at a speed varying directly with the diameters of 
the wheels. The most common way of utilizing this 
principle is by having a “ second-motion shaft ” 

104 



TRANSMISSION AND CONTROL 


upon which pinions of different diameters are fixed 
so that they may be slid in and out of engagement 
with gear-wheels on the main shaft, which is driven 
by the motor through the medium of the clutch. 
Usually as many pinions or wheels are set on each 
shaft as there are speeds to be provided for. (See 
Fig. 66.) The second-motion shaft itself may he 
arranged to slide longitudinally, but generally the 
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BEVEL GEAR, 


SPEED GEAR 
■—SPEED GEAR 
4'" SPEED GEAR 
,UPPER SHAFT 
1 — SPEED GEAR 

' •"“"“"St n .c,„. U m> 


(HFFEREHTIAL BRAKE SHAFT SUPPORT- 


DIFFERENTIAL SHAFT 



REAR STEEL THRUST BLOCK 
REAR BUSHING ... 
UPPER HALF OF DIFFERENTIAL BRAKEj 
DIFFERENTIAL BRAKE SHOE 
DRAW LEVER FOR DIFFERENTIAL 


LOWER OR CLUTCH SHAFT 

2“ B SPEED GEAR - , 

CHANGE SPEED FORK , 

SPEED GEAR , , 

GEAR CASE CAP-OR COVER 

4 th SPEED GEAR , 
SPEED GEAR-INTERMEDIATE SHAFT . 


, \OUST PROTECTOR 
, ‘INTERMEDIATE SHAFT BUSHING - FRONT 
I CLUTCH OR LOWER SHAFT BUSHING-FRONT 


Pig. 66.—Panhard Change-Speed Gear. 


toothed wheels are set on a sleeve which may be 
moved along the shaft, a portion of which is cut 
square to receive it. Sometimes the pinions are 
made to slide on the main shaft and the spur-wheels 
are fixed on the second-motion shaft. It will be seen 
that the successful operation of this system depends 
upon the facility with which the teeth of one set 
of wheels may be disengaged and another pair en¬ 
meshed by sliding one set of teeth exactly into the 
spaces of the other set. That this might prove dif¬ 
ficult of accomplishment may well be imagined, 
and despite the various mechanisms designed to 
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make it easy, only practise can render the driver 
proficient in its operation. Reversal is accom¬ 
plished, in this system, by introducing between a 
pinion on the main shaft and its corresponding 



The inner wheel, W, driven by the motor-shaft, will rotate the rim, R, 
at the same speed as itself, unless R is held by the brake, in which 
case the entire set of pinions, P, will be revolved by W carrying 
with them the band, B, but at much slower speed than before. 
The rim, R, and the band, B, take the form of plates connected 
to the driving-sprocket, in practise. (See Pig. 68.) 

spur-wheel on the counter-shaft a third pinion, 
which converts the second-motion shaft into a 
third-motion shaft, making it revolve in the same 
direction as the main shaft. (See Fig. 66.) 

Attempts have been made, with greatest suc¬ 
cess on light carriages, to employ a speed-change 
mechanism which would do away with the neces¬ 
sity of threadling the teeth of one pinion into the 
spaces of another, while both are in motion. One 
method is to have the spur-wheels constantly en¬ 
meshed, but running idle until brought into action 
by a system of positive or friction-clutches. The 
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simplest system is the epicyelical or crypto-gear, in 
which the pinions are always in mesh in the same 
way as in the differential gear, and are brought 
into use by the operation of the band-brake. (See 
Figs. 67 and 68.) 

One of the earliest problems encountered in 
construction of self-propelled vehicles was that of 
making short turns possible without skidding. In 
the horse-drawn vehicle, where the motive power 
is exerted by a pull on the front axle, and both 
axles are “ dead,” allowing the wheels to rotate at 


Pig. 68.—Section of an Application of Planetary Transmission 
or Crypto-Gear Giving Two Speeds Forward and One 
Reverse. 



different speeds when necessary, this problem is 
easy. The early attempts to solve the problem in 
motor-vehicles led to the application of the power 
to a single forward wheel, as in the Cugnot car- 
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riage, or to the employment of a tractor—a sepa¬ 
rate motor-truck taking the place of the horse and 
the forward wheels. Driving, however, on the 
forward axle proved impracticable, and modern 



Pig. 69.—Principle of Differential Gear. 

If the racks A and B are weighted equally by W and W 1 , a lift on 
D will raise the whole evenly without rotating wheel E ; but if B 
has more weight than A then E will rotate, lifting A only. 

automobiles, except a few old-style electric cars, 
apply the power to the rear axle, steering with 
the forward wheels. In traveling in a straight line, 
it is, of course, desirable that the power should be 
applied equally to both wheels, but if this were the 
case in making a sharp turn, the resistance encoun¬ 
tered by the inner wheel would set up an undesir¬ 
able strain and cause the wheels to skid or slip side¬ 
ways. To obviate this a separate motor for each 
wheel might be employed, as in electric vehicles. 
The device almost universally adopted, however, 
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is the differential or balance gear, the principle of 
which may be understood from Fig. 69. The dif¬ 
ferential, as applied to automobiles, is illustrated 
in Fig. 70. In this form it may be applied to the 
rear axle, which is then divided; or it may be ap¬ 
plied to a separate shaft as shown in Fig. 66. 

In practise, however, the structural weakness 
involved in a divided axle-shaft is eliminated by 
attaching one wheel to a hollow sleeve which works 
over the “ live ” axle to which the other wheel is 
attached in the usual way. One-half of the differ¬ 
ential is attached to this sleeve and the other at a 
point generally about midway of the solid shaft. 



Fig. 70. —Differential with Plane Pinions. 


If the resistance on both wheels is equal, the small pinions will not 
revolve, but will carry both wheels around; if either wheel 
encounters greater resistance than the other, the small pinions 
revolve. 

Sometimes two sleeves are employed, one for each 
wheel. One vehicle, the Riker Electric, is con¬ 
structed with box-hubs, in one of which the differ¬ 
ential gear is enclosed. 
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The transmission system as a whole is gener¬ 
ally arranged in one of two ways. The motor-shaft 
drives the main shaft by clutch. From the main 


Rear axle. Differen- 



Pig. 71.—Typical French System op Transmission to “Dead” 
Rear Axle. 

shaft with its speed-change gear the power is trans¬ 
mitted : 

(1) By bevel-gears or chain to the counter¬ 
shaft set across the frame of the car and contain¬ 
ing the differential gear. From each end of this 
counter-shaft there is a chain and sprocket to the 
wheels, which are set on a dead axle. This is the 
typical French system. (See Fig. 71.) The drive 
from the speed-gears may be: 

(2) Through a universal-jointed longitudinal 
shaft by bevel-gears direct to a live rear axle con¬ 
taining the differential. (See Fig. 72.) This, for¬ 
merly the common American practise, is being 
abandoned in favor of the foreign system. 

Steam-automobiles may drive direct from mo- 
tor-shaft to live rear axle containing the dififer- 
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ential, transmission being either by chain and 
sprocket, as in the Gardner-Serpollet car, or by 
bevel-gears and universal-jointed shaft, as in the 
White car. Or a counter-shaft may be introduced, 
the drive being from this to a live rear axle or to the 
wheels on a dead rear axle. Speed-change gears 
are generally dispensed with, and if employed are 
much simpler than in gasoline-cars. In elec- 
tromobiles the armature-shaft is usually geared 
directly to the live axle with differential, speed- 
change being entirely provided for by the con¬ 
troller. Drive may be on the forward wheels, but 
this is not now considered good practise. The pre¬ 
ferred system is to have two motors, one geared 


Bevel drive to live rear axle. 
Differential not shown. 



Fig. 72.—Transmission by Shaft to Live Rear Axle. 


directly to each of the rear wheels, dispensing with 
the differential. 

Like turning, steering is quite a different mat¬ 
ter with an automobile than with a horse-drawn 
vehicle. It might seem that the ordinary swinging 
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front axle could be readily turned by means of a 
lever in the driver’s hands; and such an adaptation 
was not long since abandoned by Panhard-Levas- 
sor on one model of their voiturette. The difficulty 



Fig. 73.—Knuckle-jointed Stud-Axle with Pivots of the 
Lemoine Type as Employed on Pierce Car. 


is chiefly one of control. When either wheel of the 
pivoted front axle meets an obstacle, in the absence 
of shafts or tongue to steady it, there is a strong 
tendency of the axle to spin around on its pivot, 
which, even with screw transmission from the steer¬ 
ing-handle, causes too much strain to be safe. As 
early as 1818, Rudolph Ackermann, of London, 
patented the invention of Lankensperger, of Mu¬ 
nich, which consisted of a rigid front axle-shaft, 
at either end of which the wheels were pivoted by 
knuckle-jointed stud-axles. A modern type of 
these is shown in Fig. 73. 

As the carriage turns, the inner wheel must 
always be swiveled farther in the direction of 
movement than the outer. If both stud-axles made 
the same angle with the main axle the wheels would 
be parallel, as in running straight ahead. The 
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NON-REVERSIBLE STEERING-GEAR OF THE WORM AND 
SEGMENT VARIETY, AS ADAPTED BY THE BROWN- 
LIPE COMPANY. 



KNUCKLE-JOINTED STUD-AXLE, SHOWING CONNECTING- 
ROD AND SPRING SUSPENSION, AS EMPLOYED ON THE 
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outer wheel would tend to describe too sharp a 
curve, and would consequently skid. 

In order that a rear-driven vehicle may turn 
properly, the tracks described by all four wheels 
must be concentric arcs; and in order to secure this 
the stud-axle must be turned in such a way that 
if their axes were prolonged they would meet on 
a point on the axis of the rear axle. This was not 
provided for in Ackermann’s system until modi¬ 
fied by Jeantaud in 1878, as shown in Fig. 74. 
Instead of having the connecting-rods, 0 L and 
O'L', at right angles to the stud-axles, as Acker- 



Fig. 74.— Principle of the Steering Angle in the Ackermann- 
Jeantaud System of Pivoted Stud-Axles. 

0 O’, pivoted stud-axles; r r’, wheels, relative positions in turning 
shown in outline; 0 L and O’ L’, steering cranks of stud-axles. 


mann had done, Jeantaud placed them at such an 
angle that if prolonged they would meet on the 
rear-axle axis, M, at its intersection, A, with the 
median line of the car. While, theoretically, it 
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should be possible, by some system of hinged con¬ 
necting-rods like Jeantaud’s, to secure the revolu¬ 
tion of all four wheels in concentric paths, prac¬ 
tically, good results are not obtained for turns 



Fib. 75.—Types op Couplings op Connecting-Rods for Steering. 

The steering angle is shaded. I. Jenatzy double quadrilateral. II. 
Bollee double quadrilateral. III. Lavenir concave pentagon. 


sharper than 40°, because beyond this it is possible 
only to approximate without too complex an ar¬ 
rangement of rods. 

Rods are coupled in different ways denom¬ 
inated by the geometrical figure their arrangement 
forms. (See Fig. 75.) It is usual to fix the quad¬ 
rilateral formation in front of the axle rather than 
behind it, as this gives a greater efficient steering- 
angle and better equalizes the strain of jolting. 
The single quadrilateral is almost entirely super¬ 
seded by the double, with rotary axis either on the 
axle or taking a variable parameter. This has been 
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further modified in a concave pentagon form, which 
is the most accurate system yet devised. 

Several methods of operating the connecting- 
rods are shown in Figs. 76-78. Chain transmis¬ 
sion (Fig. 76) is not commonly employed alone, 
as it does not give sufficient irreversibility, hence 
taking up too much of the driver’s attention and 
energy. The simplest method of making the action 
of the steering-gear non-reversible is the worm- 
screw as applied in the Panhard worm and sector 
(see Fig. 77) or in the Brown-Lipe back-locked 
gear. (See Fig. 78.) 

In order to secure as efficient leverage as possi¬ 
ble, the pivot of the stud-axle should be fixed as near 



Pig. 76. —Old Forms of Chain-Steering Transmission. 

The pinion, Q, concentric to sector EIF, is moved by chain C and 
smaller pinion P, securing demultiplication. 


the wheel-center as possible. This is, of course, 
most perfectly accomplished in the bicycle-fork, 
which has been employed in three-wheel carriages 
and occasionally on light four-wheel cars. Vari¬ 
ous means are employed to attain this result. The 
wheel may be “ dished ” (Fig. 79) so that the tire 
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strikes the road directly in line with the pivot of the 
knuckle-joint. Or the joint itself may be inclined 
so that its axis if prolonged would intersect the 
tire track. (See Fig. 73.) 

Brakes, to be efficient, should give the maximum 
of resistance with the minimum of power exerted 
at the lever, and should be instantaneous and posi¬ 
tive in operation. Shoe-brakes act by pressing a 
block of suitable material against the tires or 
against drums forming one with the wheel. They 
admit of a relatively long lever-arm, and hence 



Fig. 77.—Principle of the Non-Keversible Worm and Segment 
Steering Gear. 

The toothed sector, S, draws the bell-crank rod, a, as the hand-wheel 

is turned. 

give considerable power, though simple and reliable 
in mechanism. They are most useful on grades, or 
wherever it is desirable to control the movement 
of the car without suddenly stopping it. 
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Band-brakes operate on drums attached to the 
counter-shaft or to the driving-wheel. Both sys¬ 
tems may be employed, the one operated by pedal, 



Fig. 78.—Cross-section of Brown-Lipe Back-locked 
Steering Gear. 


the other by hand-lever. Band-hrakes may be 
arranged to operate only for forward motion, or for 
both forward and backward motion. (See Fig. 80.) 
The steel band covered with leather or camel’s hair 
generally extends over about three-quarters of the 
circumference of the drum. Where two brakes are 
employed one should operate to release the clutch 
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automatically. Vehicles whose brakes do not pre¬ 
vent backward motion are often provided with a 



Fig. 79.—Dished Wheels to Secure Leverage in Steering. 


pawl to be brought into contact with a ratchet on 
the driving-wheel or with a sprag or prop which 
trails behind in hill-climbing. The use of band- 



Fig. 80.—Two Constructions for Band-Brakes. 

I, band tightens only when wheel is moving forward; II, band 
tightens whichever way the wheel rotates. 


brakes operating in both directions and requiring a 
moderately strong pull for full action, is practically 
standard practise. 
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THE CHASSIS 

The strict meaning of the French word chas¬ 
sis is the frame of the vehicle, or the frame on its 
springs. The word has become Anglicized, and is 
so taken as denoting the frame and all mechanisms 
exclusive of the carriage-body. It sometimes has 
this meaning also in French. 

The chief ends sought in the framework of 
motor-carriages are, of course, lightness and 
strength. There must he a proper balance between 
rigidity and flexibility, so as to neutralize, as far 
as possible, the effects of vibration, not only from 
the unevenness of the road, but from the operation 
of the motor. The main or underframe is the me¬ 
dium to which are attached the wheel-axles below, 
thus forming a support for the carriage-body and 
machinery. In early construction a framework of 
steel tubing was considered almost essential to 
secure the desirable combination of strength and 
lightness. Experience has shown, however, that 
the reduction in weight is more than offset by the 
greater complexity of the structure, so that there 
is an increasing tendency toward the employment 
of angle-iron frames (Fig. 81), constructed as 
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nearly as possible in accordance with ordinary car¬ 
riage-building methods. An authority states that 
in a 4,900-pound cab, tubular framework saves only 
about 200 pounds’ weight. Obviously, considera- 



Fig. 81.—Panhard Chassis, with Steering, Brake, and Change- 
speed Transmissions, showing Angle-Iron Frame and Spring 
Suspension. 


tions of lightness must be based upon the power 
of the driving mechanism, and when this power is 
sufficient to propel a car of definite weight, there 
is no gain in efficiency by reducing the weight be¬ 
low the limit of adequate support for the mech¬ 
anism. 

An additional advantage in adopting standard 
carriage construction, so far as possible, through¬ 
out the vehicle, is that repairs are rendered easier 
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and more available, those with tubular frames re¬ 
quiring special mechanics. The general contour 
of the underframe, whatever its material, is usually 
four-sided, flexibility being secured in general by 
various systems of swivel-jointing, enabling the 
wheels to run, within limits, on different planes. 
(See Fig. 82.) Quite a number of carriages secure 
this end by three-point suspension, where the for¬ 
ward axle-shaft is joined to the underframe by a 
single swivel-joint. (See Fig. 83.) The objection 
urged against this is that one spring must com¬ 
pensate for all the jar due to unevenness of the 
road. With a suitable adjustment of springs, 
however, the arrangement is said to give good re- 



Fiq. 82.—Stanley Tubular Frame Used on a Number of 
Light Cars. 

suits. The present tendency is toward the sim¬ 
plest possible construction for underframes, and 
to make the same framework answer, so far as 
possible, as a support for body, motor, and run¬ 
ning-gear. One American manufacturer, at least, 
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dispenses with underframes altogether, hanging 
the axle-shafts directly to the springs, placing the 
motor within the body. 

The adjustment of springs on automobiles is 
a difficult problem, because one of its most im- 



Fia. 83.—A Tubular Frame for an Electric Car, showino 
Three-Point Suspension. 


portant factors, namely, the road, is so uncer¬ 
tain. Three general systems of suspension are 
employed. 

The main frame (1) is supported upon the axles 
by springs, the body and machinery being rigidly 
attached to it. Here the transmission must be flex¬ 
ible enough for the motor to follow any displace¬ 
ment. The frame (2) may be attached to the axles 
carrying the machinery and the body be suspended 
above it by springs. Here the passengers are re¬ 
lieved from motor vibrations, though the motor 
itself is exposed to jolts. A double set of springs 
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PATENTED SYSTEM OF PIN-RADIATION ON AIR-COOLED 
CYLINDERS OF TIIE KNOX CARS. 




PLAN VIEW AND ELEVATION OF THE THERMO-SIPIION 
SYSTEM OF WATER-COOLING, AS EMPLOYED ON THE 
RAMBLER AUTOMOBILES. 








TYPES OF THE GASOLINE-MOTOR 


a speed of air-current up to 1,000 meters per 
minute. 

In the Frayer-Miller four-cylinder 24 H. P. 
motor (see Fig. 92) each cylinder is surrounded 
with an aluminum jacket open at the bottom. A 
current of air from a centrifugal blower is carried 



Pig. 92.—The Frayer-Miller System of Air-Cooling, in which 
Speed and Pressure of Air-Current are Both Regulated. 


by an aluminum bustle-pipe to the top of the jack¬ 
ets. Innumerable spikes are cast on the outside of 
the cylinders, over which the air is blown at con¬ 
stant speed and at a pressure of about two ounces 
per square inch. The employment of this air-jacket 
makes it possible to predetermine the speed and 
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pressure of the air-current to the highest efficiency. 
This is scientifically correct, for, when the speed 
of cooling becomes independent of pressure, there 
are no convection currents, and cooling is due to 
conductivity alone. 

The inlet and exhaust valves are on opposite 
sides of a chamber cast in the top of the cylinder 
just wide enough for the movement of the valves 
(see Fig. 93). Hence the fresh charge of cool gases 
must pass over the exhaust-valve head helping to 
cool it. It is recognized as good practise to take 
advantage of the lower temperature of the fresh 
mixture in this way, and it is done in a number of 
motors. 

The Corbin 16 to 20 H. P. four-cylinder air¬ 
cooled motor augments radiation from the cylinders 
by a series of comb-shaped blades punched from 
soft wrought steel, the surface of which is treated by 
a special process. The blades are then inserted into 
grooves in the outer cylinder walls, the cylinder 
metal being “ peened ” into recesses in the base of 
the blades in order to make them practically in¬ 
tegral with the cylinder. 

In the larger cars the blades are parallel with 
the cylinder and two fans are placed over the cyl¬ 
inder-heads. In the smaller cars the blades run 
lengthwise of the cylinder, and a single fan is 
placed in front. 

Other four-cylinder air-cooled American motors 
are the Premier 16 to 18 H. P., the Duquesne 16 
to 21 H. P., and the Marmon 20 H. P. 
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The Marmon motor embodies some interesting 
features. Like the Ader (English) four-cylinder 
24 H. P. motor, the cylinders are inclined at an 
angle of 45° from the vertical, or 90° from each 
other. The cylinders with radiating flanges are 



Pig. 93. —Cross-Section of the Prayer- 
Miller Motor. 


cast separately. A belt-driven fan supplies a draft 
of air which has free circulation to the rear of 
the car. 

Air-cooling is employed in a number of smaller 
motors, various manufacturers claiming special 
efficiency for their systems. The Knox two- 
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cylinder 14 to 16 H. P. motor has a patented sys¬ 
tem of air-cooling. The Lanchester (English) two- 
cylinder 18 H. P. motor creates a circulation of air 
away from the motor hy two aluminum fans as¬ 
sisted hy wind-scoops outside the car. 

Horizontal double-opposed motors, either 
water- or air-cooled, like the Knox, form a consid¬ 
erable class in America. This arrangement of cyl¬ 
inders was patented by Daimler in 1886, and was 
introduced into the United States in the first 
Haynes-Apperson motor about 1894. This con¬ 
struction is used abroad in the Mors 6 H. P. motor, 
the Hermes 16 H. P. motor, and the Henroid (Eng¬ 
lish) 10 H. P. air-cooled motor, and others. 

The latest model Haynes-Apperson two-cylinder 
16 to 18 H. P. motor is set crosswise the car. Cylin¬ 
ders with water-jackets are cast integral. Cranks 
are set at 180° on shaft with adjustable roller bear¬ 
ings. Valves are mechanically operated. Ignition 
is by jump-spark with battery current, and cool¬ 
ing is by water circulation through tubular radi¬ 
ator. No governing mechanism is employed other 
than the foot-pedal throttler. 

The Stevens-Duryea 7 H. P. motor differs 
from the foregoing by having the exhaust-valves 
operated by a single cam. Throttling is performed 
directly on the atmospherically operated inlet 
valves by means of a hand-lever, controlling a rod 
which acts by means of wedges to control the lift 
of the valves. The piston stroke (44 inches) is 
shorter than its diameter (4f inches). The motor 
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is set with the length of the car, the transmission 
is by the individual clutch system. 

The Ford 10 H. P. double-opposed motor (cyl¬ 
inder bore inches, stroke 4 inches) has all valves 
mechanically operated and interchangeable. Cool¬ 
ing is by water with pump and radiator. Lubri- 



Fig. 94 . —Plan of St. Louis Horizontal Double-Opposed Motor 
and Integral Sliding-Gear Transmission. 

Motor in horizontal section, transmission in vertical section. 


cation is accomplished very simply by pressure 
from the enclosed crank-case operating through a 
set of six sight-feeds. Transmission is by crypto¬ 
gear. The motor is placed longitudinally under 
the seat of the car. 

The St. Louis 18 to 22 H. P. horizontal double- 
opposed motor, bore and stroke each 5 inches, has 
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sliding-gear transmission integral with the motor 
proper (see Fig. 94). 

The Rambler 16 H. P. and the Maxwell 16 H. P. 
double-opposed motors are water-cooled by thermo¬ 
siphon system. 

The Lanchester double-opposed motor is of the 
balanced type. (See Fig. 95.) Original methods 
of balancing are resorted to in a number of two- 
cylinder motors. 

The Turgan and Foy (English) 10 H. P. motor 
has the cylinders directly in line with each other, 



Fig. 95. —Lanchester Air-Cooled, Double-Opposed, Balanced 
Motor. 


each working on a separate crank-shaft. Both 
shafts are geared to a central half-time shaft. 

The Mees horizontal balanced motor consists 
of a single cylinder in which two pistons are driven 
in opposite directions by the same explosion in a 
central combustion chamber. Rocking beams and 
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connecting-rods transmit the impulses to cranks on 
the main shaft. (See Fig. 96.) Central combus¬ 
tion between two pistons is also employed in the 
Gobron-Brillie two-cylinder vertical motor, as 



Fig. 96.—Mees Horizontal, Balanced Motor, with Central 
Combustion Chamber Between the Pistons. 


shown in Fig. 97. This motor dispenses with a 
carbureter. 

Two-cylinder vertical motors differ little in gen¬ 
eral construction and operation from four-cylinder 
motors. Both cylinders with their water-jackets 
are usually one casting. This is not the case, how¬ 
ever, in the de Dion-Bouton motor, where a patented 
cylinder-head (Fig. 98) affords means for varying 
the compression space. Well-known twin-cylinder 
vertical motors abroad are the Thorneycroft, 
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Simms, Benz, Decauville, Mors, Watsonia (Dur- 
kopp). In America are the Pope-Tribune, Marsh, 
Mitchell, Acme—rated all the way from 6 H. P. 
to 16 H. P. 

Single vertical-cylinder motors of note are the 
de Dion, Peugeot, Simms, Pope-Tribune, and 
Pierce. Single-cylinder horizontal motors are not 
much employed abroad, but in this country such 
types as the Olds, Cadillac, Crest, Rambler, St. 



Fig. 97.—Gobron-Brillie Vertical Double-Opposed Motor, with 
Central Combustion Chambers. 

//', pistons driving on common crank, R, by means of connecting- 
rod, d ; e e’, pistons driving on cranks, b b‘, by means of bar, h, 
and connecting-rods, 11 '; to m\ central combustion chambers; 
g, exhaust cam; n, admission-valve. 

Louis, Pierce-Racine, and Pope-Hartford, rated at 
from 6 H. P. to 12 H. P., are representative of the 
American development of the light car. 
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The three-cylinder vertical motors form an in¬ 
teresting class, represented abroad by the Panhard, 
the Brooke 10 H. P., and the Maudsley 25 H. P. 
This construction has 
been abandoned by the 
manufacturers of Pope- 
Toledo and Thomas mo¬ 
tors, who were formerly 
very successful with it. 

The Thomas high-pow¬ 
ered motor still retains 
the principle in an ar¬ 
rangement of six cylin¬ 
ders. Napier and Du- 
quesne motors are also 
constructed of six cylin¬ 
ders. 

Three vertical cylin¬ 
ders with cranks working 
at 120° are used in the Cameron 12 to 15 H. P. air¬ 
cooled motor, the St. Louis 20 H. P. motor, and 
the Phelps 20 H. P. motor. 

In the compound 12 to 15 H. P. motor a low- 
pressure cylinder, without water-jacket, is placed 
between the other two cylinders, its piston diameter 
being about three times that of the smaller cylin¬ 
ders. The cranks of the high-pressure cylinders 
are both set 180° from the low-pressure crank. 
The exhaust from the smaller cylinders is fed 
alternately into the larger one, thus giving it a 
power-impulse at each downward stroke; hence 
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Fig. 98. — De Dion-Bouton 
Cylinder-Head. 


A and C, solid concave lids of 
combustion chamber and 
water-jacket; E and F, 
flanges of cylinder-casting; 
B, connecting-stud tightened 
by nut, G, and lock-nut, G '; 
D, space for water circula¬ 
tion. 
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the crank-sliaft receives an impulse once in every 
half-revolution, the same as in four-cylinder mo¬ 
tors. A gain in power of 50 per cent in propor- 



Pig. 99.—Elevation of Duryea Three-Cylinder Motor. 


A, exhaust-valves; B, exhaust-valve seats ; D, hollow valve-stems in 
which sparker-stems, T, oscillate; E, exhaust-slides; F, exhaust- 
slide rollers; O, exhaust-cams; II, spring; L, hammer of sparker- 
stem ; J, clamp engaged to L by coil-spring; N, roller on cam, 
G, actuating lift M, and through it, hammer L, thus oscillating 
sparker-stem, T, against insulated portion of spark-plug, 0; 
U, inlet valves; Q, feed-pipe; W, supporting screws of throttle- 
slide ; Z, springs of throttle-slide. 

tion to fuel consumption is claimed for this sys¬ 
tem, with the added advantage over a four-cylinder 
motor of reducing the operative mechanisms for 
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ignition, cooling, etc., by one-half. It is also 
claimed that by virtue of the more uniform pres¬ 
sure in the larger cylinder, the motor gives stronger 
torque on low speeds. The muffler is dispensed 
with, and the exhaust to atmosphere is said to be 
quiet and odorless at high speeds. 

The first three-cylinder automobile-motor was 
designed in this country by Charles E. Duryea. It 



Fio. 100 .—Plan of Duryea Three-Cylinder Motor. 


is still used in improved form on the Duryea car. 
The motor is inclined almost to the horizontal, 
which position causes the oil to drain into the 
crank-case, preventing flooding. The three cyl¬ 
inders, dimensions 4| by 41, are in one casting, 
with exhaust-passages between their walls. Igni¬ 
tion is by low-tension magneto, the make-and-break 
contact being operated by sparker-stems which 
oscillate within the hollow stems of the exhaust- 
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valves. The inlet valves are atmospherically oper¬ 
ated. Only the combustion chamber is water- 
jacketed. (See Figs. 99 and 100.) 

A three-cylinder motor of considerable interest 
is the Adams-Farwell, whose three horizontal cyl¬ 
inders revolve around a stationary crank-shaft. 
The cylinders have a 5-inch bore and 4^-inch 



Fig. 101.—Horizontal Section of Adams-Farwell Revolting 
Three-Cylinder Motor. 

C', pistons; C 5 , pitmans connected to single-crank wrist-pins, C*. 

stroke, and are cooled by air-circulation set up by 
their own revolution around the shaft. Power is 
transmitted by bevel-gear from the revolving 
crank-case. The cylinders are of the four-cycle 
type, the explosion occurring in each as it passes 
dead center. (See Figs. 101 and 102.) 
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Motors operating on the two-cycle principle in¬ 
vented by Dugald Clerk in 1880 are the Lister, the 
Elmore (American), and the Gobron. 

The Elmore motor was first put on the road in 
1900, and since that time its performances seem 
to justify the claims made for it. In construction 



Pm. 102 .—Vertical Section op Adams-Farwell Revolving, 
Three-Cylinder Motor. 


it is exceedingly simple. There are two cylinders 
cast in one piece with the crank chamber, but with 
heads tapped in. 

Theoretically the two-cycle motor is twice as 
efficient as the four-cycle type, cylinder for cylinder. 
In practise, leakage of the charge and dilution of 
the mixture by the burnt gases remaining in the 
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cylinder, together with the somewhat inferior com¬ 
pression attained in two-cycle motors, according 
to authorities reduces the actual gain in power to 
about 60 per cent. They are undoubtedly the sim¬ 
plest motors in construction, since there are no 
valves, gears, cams, springs, etc. In the Elmore 
motor the mixture is drawn into the air-tight 
crank-case through an admission-port, which is 
closed by the piston for about 270° of a revolution, 
and open when the piston is at the top of its stroke, 
when the gas rushes in to fill the partial vacuum 
created by the up-stroke. (See Fig. 103.) On the 



Fig. 103. —Section op Elmore Two-Cycle Motor at End op 
Compression-Stroke, showing Admission Occdrring in Crank- 
Case; Compressed Mixture about to be Fired. 


return-stroke the piston closes the inlet port, partly 
compresses the mixture in the crank-case, and 
finally forces it through the by-pass and intake port 
into the opposite end of the cylinder. The fresh 
mixture forces the residue of exhaust before it, 
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being guided by a ledge on the piston in the direc¬ 
tion of the arrows. (See Fig. 104.) The exhaust- 
port, being wider than the intake port, opens first, 
so that the largest part of the exhaust escapes by 



Fig. 104. —Section of Elmore Two-Cycle Motor at End of 
Firing - Stroke ; Exhaust and Admission of Mixture to 
Cylinder Taking Place. 


expansion before the fresh charge begins to enter. 
Back-firing is prevented by a wire-gauze screen in 
the by-pass. The up-stroke of the piston com¬ 
presses the charge; it is then ignited. Lubrication 
is by splash system, and the oil-mist in the crank¬ 
case mixes with the charge and, it is claimed, adds 
to the efficiency of combustion. The fresh mixture 
cools the walls of the crank chamber, and a water- 
jacket surrounds the combustion end of the cyl¬ 
inder. 
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CHAPTER VIII 


TYPES OF THE STEAM-MOTOR 


Although at first a decided impulse was given 
to the automobile industry in America by the small, 
alternating, simple-expansion motor, with two ver¬ 



tical cylinders, as employed in the Locomobile, the 
steam-motor at present is much more prevalent 
abroad, especially in England. 

The Gardner-Serpollet four-cylinder horizon¬ 
tal motor of the simple-expansion type is single- 
acting, i. e., steam is introduced against only one 
face of the piston. The construction is more nearly 
that of the gasoline-motor than the ordinary steam- 
motor, as will be seen from Figs. 105-108. The 
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pairs of opposed cylinders work upon common 
crank-pins, the two pins being at right angles to 
each other. The superheated steam from the 
“ flash ” boiler enters at A (Fig. 108), passes into 



the valve-box, E, with admission-valves, F, closed 
by springs, G, and the steam-pressure. The valves 
are actuated by the composite cam, H, through roll¬ 
ers, J, and slide-rods, L, operating on the valve- 
rods N. The steam enters the cylinder through 
passage, P, and is driven back through the same 
passage, after expansion, by the return-stroke of 
the piston Z; whereupon the exhaust-valves, Q, 
are opened, allowing the steam to escape through 
B and C. The composite distribution-cam, H, is in 
the same vertical plane as the motor-shaft. The 
rollers, J K, hear on the depressions between two 
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opposite inclines, terminating in cylindrical sur¬ 
faces giving the maximum admission or exhaust. 
The cam, H, is in one piece with the square shaft, 
W, which may be slid longitudinally by hand-lever 
or by motor-governor, altering simultaneously and 
equally the throw of the admission and exhaust 
portions of the cam. The spur-wheel, X, on the 
end of the shaft, W, engages with a wheel of equal 
diameter, Y, on the motor-shaft. The wheel, X, 



Fig. 107. —End Elevation of Pig. 108. —Sectional Plan 
Serpollet Motor. of Serpollet Valve. 


may be moved either forward or backward in rela¬ 
tion to wheel, Y, so as to advance or retard admis¬ 
sion and exhaust. The exhaust portions of the 
cam, H, operate through rollers, K, and rods, 0, 
upon the exhaust-valves, Q, allowing them to close 
through action of the steam-pressure and springs, 
R, when the piston has reached the proper point in 
the return-stroke. By means of this composite 
cam-shaft it is possible to vary the cut-off, to pre- 
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vent admission and exhaust altogether, or to time 
admission so as to reverse the rotation of the 
crank-shaft. 

The Miesse single-acting motor is similar in 
principle to the above, having three horizontal 
cylinders cast in one. The Simpson-Bodman is 
another single-acting motor, the three cylinders 
being set at 120° to each other, and acting on a 
common crank-shaft. 

The Negre single-acting motor has the four cyl¬ 
inders set horizontally at right angles to each other. 
Six-cylinder horizontal single-acting motors have 
been designed for Gardner-Serpollet and Clarkson- 
Capel cars. 

Double-acting or alternating steam-motors are 
merely small steam-engines constructed from ma¬ 
terials which give a maximum of strength and light¬ 
ness. The usual sliding-gear and link are employed. 
These small motors are generally very efficient and 
reliable and capable of considerable elasticity. 
(See Fig. 109.) 

In the construction of alternating steam-motors, 
the preference is now for the compound or double¬ 
expansion type, in either two or three cylinders 
placed vertically or horizontally. 

The de Dion-Bouton two-cylinder compound 
horizontal motor, by a special valve enables steam 
to be admitted directly to the larger cylinder; thus 
the motor may be run by simple expansion when 
extra effort is needed. The Lifu (English) two- 
cylinder horizontal compound motors may also be 
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run by simple expansion when desired. This con¬ 
struction is usual in American compound motors 
such as the White and Lane. 



Pig. 109. —Type of Double-Acting, Simple Expansion Steam- 
Motor for Automobiles. 

The Thorneycroft (English) two-cylinder com¬ 
pound motor uses a special radial valve-gear in- 
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stead of the usual link motion. Change-speed gear 
is also employed. 

Attempts have been made to adapt to automo¬ 
bile use the principle of the rotary motor. An 
omnibus of the Cie. Generale des Automobiles in 
Paris was driven by an epicycloidal rotary motor 
which behaved in an interesting manner. The 
motor was constructed on the Gerard system. Two 
rotary motors were exhibited at the Tuileries, the 
Arbel-Tilion in 1898 and the de Lambilly in 1899. 
A perfect rotary motor for automobile use, driven 
either by steam or gasoline, would simplify many 
of the problems of automobile construction, notably 
that of transmission, since greater flexibility would 
be attainable if the rotary motion could be obtained 
directly by the pressure of expansive gases against 
a cylindrical drum keyed eccentx-ically to the motor- 
shaft. This in general is the principle of the ro¬ 
tary motor. 
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HOW TO CHOOSE AN AUTOMOBILE 

The reader who has only glanced over the pre¬ 
ceding pages will probably turn to this one in a 
state of bewilderment. It may seem like reading 
the catalogues of various manufacturers in the vain 
hope of thus deciding as to a prospective bargain, 
or like listening to the arguments of several sales¬ 
men, representing different makes of cars, each 
hoping for a purchaser’s decision. The reader will 
be in no better case after riding around with a num¬ 
ber of owners of different machines, however, for if 
he escapes being “ wounded in the automobile of a 
friend,” he will learn nothing of its disadvantages 
for his particular case. True, after a very brief 
season of this empiricism, he will have a realizing 
sense of the absolute perfection to he found in the 
“ epicycloidal transmission ” of the “ Cartillage ” 
machine; or perchance he will understand thor¬ 
oughly that with the “ Nolens ” motor, compression 
is so positive that “ you do not often have to crank 
her.” He may think there may be more than he 
knows in the claims of the little “ Diapason ” ma¬ 
chine, which broke the record for brake horse-power 
in the wonderful trip across the Appalachians. 

160 



Fig. 110.—Types of Light Cars for Two Passengers. 








THE BOOK OF THE AUTOMOBILE 


Last of all, lie -will be fully convinced that the mo¬ 
tor of the future will be able to make a trans- 
Siberian run cooled entirely by a single gear- 
driven palm-leaf fan. 

It is in such mental states that prospective auto- 
mobilists turn surreptitiously to books which will tell 
them exactly what to do. The wise writer of the 
authoritative handbook on automobiles “ foreseeth 
the evil and liideth himself ” behind both horns of 
the following dilemma: “ If you are a billionaire, 
get some one of the most reputable foreign manu¬ 
facturers to build you the most expensive car he 
can turn out. If you are not, go to an incorruptible 
expert of undoubted reputation, pay him a fee, and 
abide by his judgment.” The only objection to 
this advice is that few billionaires read handbooks, 
and that the geographical distribution of incorrupt¬ 
ible experts is so meager that by the time the neo¬ 
phyte has paid the fee or fees, he will have saved 
little or nothing as against the practise recom¬ 
mended to the billionaire. 

The patient, therefore, when he has reached 
this stage and this chapter, had better sit down 
“ with a firm purpose of amendment ” to anything 
he has ever heard said about automobiles, and try 
to think what to expect. Imprimis, he may indulge 
in the pleasing reflection that “ a man can travel 
without a load on level ground during eight and a 
half hours a day at the rate of 3.7 miles an hour, 
or 311 miles a day.” No great improvement has 
been made in man’s means of individual locomo- 

162 




TYPE OF IMPORTED TOURING-CAR. 









HOW TO CHOOSE AN AUTOMOBILE 


tion since the days of the chariots of the Pharaohs 
till the invention of the automobile. Let us reflect 
for a moment upon “ the disappearing horse ” that 
has bridged over this chasm. Theoretically a horse 
is good once a day to draw a load of 3.6 tons one 
mile on the turnpike at a speed of 10 miles per 
hour. If you halve the speed you may double the 
load or the mileage, or if you halve the load you 
may double the speed or the mileage, but after all, 
there you are—your horse can draw 1,600 pounds 
23 miles a day, but if he can do that he can not 
trot a mile in 1.08. 

Now a machinery horse-power is equivalent to 
that of 44 horses. A 6^ B. H. P. motor may be able 
during twenty-four hours to do the work of nearly 
30 horses, but they will not be thirty or even three 
different kinds of horses. You do not expect old 
“ Dobbin,” “ perfectly safe for ladies and children,” 
to pass everything on the road, nor do you expect 
your blooded mare “ Peggy ” to go out in all weath¬ 
ers. Neither, therefore, must you expect to find 
any one automobile that will do all the wonderful 
things which you have many infallible proofs an 
automobile can do. 

Thirty horses starting at the rate of one mile 
per hour could each exert a steady pull on your 
wheels of 375 pounds, or 11,250 pounds altogether. 
Since it takes 4.55 pounds’ pull per 100 pounds of 
load to accelerate the speed one mile per hour per 
second, ergo, if your car weighs 1,000 pounds, in 
four minutes you would be going 240 miles an hour. 
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Fig. 111.—Types of Light Cars for Two or Four Passengers. 
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Of course long before the car could attain such a 
speed, it would be going faster than the horses 
could trot, and they could no longer “ work their 
pull,” so to speak. 

Your 6^ B. H. P. motor, owing to losses in 
transmission, can render only about 50 per cent of 
its power available at the road tires, exerting there 
a push-off of about 1,220 pounds if the wheels did 
not/ slip. As a matter of fact, they would not bite 
the ground hard enough to admit, in a 1,000-pound 
car, of a greater push-off than 375 pounds, since 
only about 0.6 of the weight of the car is on the 
driving-wheels, and only .025 of this represents the 
average adhesion between rubber tires and road. 
So that, with your 6| B. H. P. motor- and 1,000- 
pound car starting off at a mile an hour, you really 
have less available power than with one average 
horse, since a horse can double or triple his mus¬ 
cular effort and can increase it tenfold momenta¬ 
rily. Your mechanical horse-power is least avail¬ 
able therefore when you most need it, viz., in start¬ 
ing and in accelerating your speed. You can secure 
better adhesion only by increasing the weight over 
the driving-wheel, which is practically what hap¬ 
pens when going up-hill; but on the level this is only 
practicable by increasing the weight of the car. 

A 2,000-pound car will give adhesion enough to 
admit of a 750-pound push-off, at one mile per 
hour, without skidding. Such a car not only ren¬ 
ders more power available for starting, but will 
pick up speed more quickly, since the rate of accel- 
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ft- 

eration of a car is directly proportional to the 
amount of tractive effort. According to experi¬ 
ments of L. M. Aspinall, an effort of 4.55 pounds 
per 100 pounds’ weight of vehicle is necessary to 
accelerate the speed one mile per hour per second. 
On the other hand, once started, if speed and power 
increase in direct proportion, no more adhesion will 
be required for a speed of forty miles an hour 
than for a speed of one. The following table by 
Mr. Lyon Sampson illustrates this: 


velop 1 H.P. when trave 

ing at 

1 m.p.h 

. a pull of 375 lbs. must be exerted. 

“ 10 



II 

1 “ 


3,750 .. 

“ 10 



< ( 

10 “ 


375 “ “ “ 

“ 20 



It 

20 “ 


375 “ “ “ 

“ 30 



<< 

30 “ 


375 “ “ “ 

“ 40 



(( 

40 “ 


375 “ “ “ 

“ 40 



II 

20 “ 


750 “ “ “ 

" 40 



II 

1 “ 


15,700 “ 


To keep a 2,000-pound car going at the rate of 
ten miles per hour, a push of rather less than 3 
per cent of its weight is needed, the remaining 
power being rendered available for acceleration, 
provided it is not suddenly increased above the 
limit of adhesion, in this case 750 pounds. 

Having indulged in these abstract considera¬ 
tions, the prospective purchaser should begin to 
adjust his expectations of horse-power in the same 
sensible way he would if buying a horse. 

The man about to buy his first automobile 
vaguely expects too much. He will expect to “ go 
anywhere ” in it, and he will expect to go fast. Cal¬ 
culations of distance fall naturally in his mind into 
the terms of a mile a minute. If he lives in town 
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he will expect to take trips of one hundred miles 
into the country and to get back the same day. If 
he lives in the country he will expect to go to town, 
or from one town to another, at a uniform rate of 
speed, regardless of roads, hills, or weather. In a 
general way a man who has never owned an auto¬ 
mobile rattier expects it to provide all the delights 
and utilities of a private railway train, a racing- 
stable, a coach-and-four, a smart span of horses, 
a safe family hack, a pony cart for the children, 
and a morning walk. He expects it to do this 
without any trouble, and at a very moderate ex¬ 
pense. It is true in a sense that the automobile 
is a fair substitute for any of these, and is cheaper, 
mile for mile, speed for speed, weight for weight, 
when consistently so used. But the question of 
expense is after all the crucial one which makes 
it necessary to give some other advice than that 
to the billionaire aforesaid. As we have pointed 
out, the prospective automobilist is reckoning the 
advantages of ownership chiefly in terms of speed, 
and properly enough, since speed has a direct 
bearing on the question of utility. Some of the re¬ 
lations of horse-power and weight have already 
been pointed out, and little more need be said to 
convince the chooser of an automobile that speed 
/'is intimately connected with these. With a good 
sound horse you may average ten to twelve miles 
an hour. If you want to travel at the old coaching- 
rate of twenty miles an hour, you must have relays 
of fresh horses. 
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first cost and give greater average speed for the 
cost. It will be fully as cleanly as a gasoline-car 
and rather more silent. It will, however, require 
more care on and off the road, and will give more 
trouble in cold weather, and the presence of the 
boiler and its attachments will be a greater tax 
on the time and attention of the amateur who must 
dispense with the services of a paid driver. This 
disadvantage is not felt so much by the country 
dweller, who would find the gasoline-machine re¬ 
quires about as much of his personal attention, 
owing to isolation from the skilled repair-shop. 
But we are considering the case of the city man 
who wishes to use his car chiefly in town and still 
take trips into the country. The trouble with him 
usually is that he expects too much of his light car. 
If he gets a light gasoline-car with two speeds 
forward, he finds the low speed meets his require¬ 
ments fairly well, but beyond this he has no means 
of not exceeding the speed-limit, and his patience 
will be taxed many times by the absence of any 
intermediate speed. Here the steamer, with its 
absence of speed-gear and its greater flexibility, 
will appeal to him. Again, it will not he long be¬ 
fore he begins to take trips into the country, and 
here, lured on by the exhilarating discovery of the 
speed he can really get out of his light car, he will 
go bouncing along over country roads until he has 
shaken his frail machine out of commission. If he 
is going to do this, the steam-car will again give him 
less vibration and somewhat longer service. 
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If he has actually gone through a year’s expe¬ 
rience of a light car in town and country, and re¬ 
flects upon the various things it has done and the 
other things he can not do with it, he will prob¬ 
ably wonder if he would not have done better to 
purchase a heavy, high-powered touring-car at the 
start. True, this would not be quite so convenient 
for working slowly along city streets where the 
impatient motor, even when throttled down, is 
liable to fret and overheat itself. But there would 
be a speed for every conceivable condition of run¬ 
ning, and he would now be willing to sacrifice 
something in the convenience of street travel to 
be able to obtain the freedom of the country road. 
He could take the whole family along without be¬ 
ing crowded or without getting stuck on a hill or a 
bad road. He would have fittings affording suit¬ 
able protection in all weathers, and he now thinks 
it would not be so hard to manage the machine 
himself. 

But he is liable to forget that a year ago this 
was not the case, and his year’s experience has 
probably cost him less than if he had experimented 
with a more expensive car. If he were our friend 
the billionaire, who had from the start a trained 
chauffeur to run and teach him how to run the 
big machine, he would have been wise to make 
choice of a forty-horse tonneau, and thus make 
possible the widest range of automobile activity. 

But the man of average means, who is to be his 
own driver, will, during his first year, get more 
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satisfaction out of a well-built light car, even 
though he misuse it. It is the fruits of misuse 
which have led some to refer to the small car as 
“ a license to spend twice what you pay for it.” 
But with proper care this can be proved a fallacy. 
It will require you to restrain your first enthu¬ 
siasm somewhat. You will have to remember that 
your car is not a racer nor a touring-car. When 
you speed it you must be careful about the road, 
and when you try for long distance it must not be 
too long. Remember that the car is essentially de¬ 
signed for only two passengers, and even though 
it is fitted with a detachable tonneau, when you 
use this do not try to go as fast or as far as when 
carrying less load. You will find the extra seat a 
convenience with scarcely any drawbacks for town 
travel, but when attempting distance you will have 
to consider carefully road, grades, and weather. 
You may have many a day’s outing of one hun¬ 
dred miles, if you plan them very much as the 
expert bicyclist would, and do not forget that if 
you would not toil neither must you “ spin ” too 
much. In the mean time you will be learning a good 
deal in a practical way about automobiling, and 
be able to take care of your car yourself or with 
the assistance of a hired man, falling back upon 
the machinist for difficult repairs, and thus elim¬ 
inating the chauffeur from your first year. 

It may be that you are too impatient in dispo¬ 
sition to be able to live up to the foregoing advice 
and go slow. It is then incumbent upon you to 
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decide how fast you will go. Not how fast for a 
few hours, to be followed by several hours of fret¬ 
ful delay, for this would obviously reduce your 
rate of travel on many vexatious occasions. But, 
having decided how many passengers on the aver¬ 
age you desire to carry, and how far and over what 
kind of roads, you must make up your mind how 
fast, day in and day out, you want to go. When 
we get much below the billionaire class this ques¬ 
tion is usually decided for the purchaser by the 
question of how fast he wants to go in spending 
money, for speed and price vary in practically 
direct proportion; which means that when you 
make up your mind how much you can do without 
in the way of expensive body-fittings, the sum you 
have left will determine how powerful a car you 
can buy. A glance at the following tabulation of 
the exhibits at the New York Automobile Show of 
1905 will convince you of this: 


AMERICAN CARS EXHIBITED AT THE NEW YORK 
AUTOMOBILE SHOW OP 1905 
Grouped according to price, horse-power, and weight 


Cost 

H. P. 

H. P. 
Average 

Weight in 
Lbs. 

No. of Cars 
Exhibited 

Under $500. 

4 

4 

500-550 

2 

$600 to $650. 

6-10 

7 

750-1,000 

6 

$700 to $950. 

7-12 

10 

800-1,500 

19 

$1,000 to $1,750... 

8-22 

12-18 

1,000-2,000 

57 

$1,800 to $2,800... 

15-30 

16-25 

1,600-2,600 

31 

$3,000 to $4,000... 

15-50 

25-50 

2,100-2,900 

29 

$5,000 to $7,500... 

24-60 

40 

2,300-3,000 

11 


Taking six leading makers of foreign automo¬ 
biles, we find the same relation holds good. Cars 
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of 10 to 15 H. P. cost from $3,000 to $7,000, of 20 
to 25 H. P. cost from $5,000 to $9,000, of 30 to 50 
H. P. cost from $6,500 to $12,000. If you want 
further conviction, study some of the lists in the 
automobile periodicals, where the cars of the year 
are described in detail, and after deducting extras 
for different styles of bodies and accessories, tabu¬ 
late them for yourself according to price and horse¬ 
power. Then in the light of what is said in the 
early part of this chapter, figure out the load you 
have got to carry and you will be able to tell pretty 
nearly how fast you can carry it. It is true that 
the statements of horse-power written out by 
makers are not the most reliable index of the actual 
power of the car. A better method is to make your 
own calculations, using the formula at the end of 
Chapter II, or to compare the cars on the basis of 
piston displacement, as suggested later in this 
chapter. But even taking manufacturers’ ratings 
at their face value, you will be surprised to find how 
much your purse will narrow your range of choice. 

The prospective purchaser upon whom this at¬ 
tempt to show him what not to expect has been 
successful, may now feel himself “ beaten to a 
standstill.” He may, upon examining his ex¬ 
chequer, wisely conclude to get his first experience 
of auto-locomotion out of a motor-bicycle or per¬ 
haps a small tri-wheeler. Unfortunately for him, 
the latter vehicle is scarcely known here, being 
much more popular and better made in England, 
where at an initial cost of $300 to $500, and with 
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far less up-keep expense than a light car of the 
same price, these “ tri-cars ” are opening the coun¬ 
try roads to a class most in need of the benefits of 
automobiling. 

But for the man of less limited means, the prob¬ 
lem is yet only half indicated. He must know some¬ 
thing also of what to expect and even demand in 
making his choice, and here, as soon as he has de¬ 
cided how much he can spend, he is confronted by 
a multiplicity of makers, all ready to give him the 
most for his money. The test of the road is, of 
course, the crucial one, and likewise the one that it 
is impossible to employ so as to make it exclusive 
till one has purchased the car, when it is often ex¬ 
clusive enough. If, by some inscrutable process, 
however, you have settled on some one car, you 
should insist on the most complete road demonstra¬ 
tion possible under as nearly the conditions of 
probable use as you can contrive. It were well 
if these include a hundred-mile run on an “ Amer¬ 
ican road,” during which you will have abundant 
opportunity to note the action of the machinery. 
Things may happen to a new car, such as the work¬ 
ing loose of some part, which though rather serious 
in effect on the trip, do not denote any inefficiency 
or inherent fault of construction. You should get 
a good idea, however, of how silent the motor can 
be run at highest efficiency, whether it tends to 
overheat, and how the car takes various gradients. 

Grades are calculated in three ways: (1) by 
the angle which the plane on which you are travel- 
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ing makes with the horizontal, the perpendicular be¬ 
ing, of course, 90°; (2) by the rise in feet per mile 
actually traveled; (3) by the percentage of rise to 
the horizontal distance traveled. Thus, if you have 
actually traveled a mile and are 264 feet higher 
than when you started, you have been rising one 
foot for every twenty of horizontal advance, or 
you have been going up a 5 per cent grade. A 
grade of 30° is nearly a rise of one in sixty, or 60 
per cent. 

One of the keenest pleasures in possessing a car 
is being able to annihilate a hill or “ eat it up,” and 
you will naturally want to get as much of this as 
you can for your money. Since a 5 per cent hill 
more than doubles the necessary draft at eight 
miles per hour, it is wise to ascertain during your 
road-test how steep is the grade on which you are 
liable to get stuck. A grade-indicator is a useful 
instrument that may well be taken along on your 
trial trip, but in its absence, you will have to do 
the best you can by noting the point at which your 
line of vision strikes the ground when looking 
straight ahead, and then trying to estimate how 
many feet distant the point is. When you think 
you have it, divide it by, say, 6 (your height from 
the ground), and you will get a rough idea of how 
steep is the particular hill you are ascending. In 
the absence of any road-test, it will be useful to 
estimate the relative hill-climbing abilities of dif¬ 
ferent cars by dividing the cubic inches of piston 
displacement by the weight of the car in pounds 
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divided by one hundred, as suggested by Mr. Albert 
L. Clough in a recent number of the Horseless Age. 
Cars giving ten “ cubic inches of piston displace¬ 
ment per hundredweight ” will not be very good 
hill-climbers, while those giving eighteen or more 
will be quite able, says Mr. Clough, adding that 
transmission-efficiency will influence this compari¬ 
son somewhat. The piston displacement in cubic 
inches may be found “ by multiplying together the 
number of cylinders, the square of the bore in 
inches, the stroke in inches, and the constant .7854,” 
and, as Mr. Clough points out, this is also more 
ready and reliable data for comparing the powers 
of various motors than are the published state¬ 
ments of B. H. P. by manufacturers. 

Whatever the power of the car you decide you 
can afford, you will do well to select the simplest 
and most accessible machine. Your very inexperi¬ 
ence will help some here as a basis of comparison 
for how quickly the various mechanisms can be 
shown up and clearly explained to you. At the 
same time ignorance may mislead you into a hasty 
enthusiasm for simplicity obtained at the expense 
of efficiency. A study of the essential elements 
of automobile construction, outlined in preceding 
chapters, will help somewhat to recognize “ freak ” 
devices and impractical mechanisms. The “ incor¬ 
ruptible expert ” heretofore mentioned would help 
more if he could be found. As a substitute for him, 
intelligent conferences with the repair-shop man 
may be recommended. You will have to make his 

181 



THE BOOK OF THE AUTOMOBILE 

acquaintance, sooner or later, and if you are for¬ 
tunate enough to live in a city where you can wan¬ 
der about these shops and engage several such men 
in conversation upon the merits and defects of 
specific cars, you will gather some valuable infor¬ 
mation. The repair-man can tell you (and will tell 
you, if you give him a cigar and treat him as a 
man and brother) which cars are oftenest in 
trouble. He can tell you how easy or how hard it 
is to get at certain motors, and how certain mech¬ 
anisms that appear to be “ marvels of mechanical 
ingenuity ” are always requiring to be tinkered up. 
Moreover, he can tell you what things are made of. 
If a certain car has a cast-iron fly-wheel he will 
know it. And you had better know it. For you will 
be safer with a lighted cigar over an open keg of 
gunpowder than on an automobile seat under which 
a cast-iron fly-wheel is making 800 to 1,000 revo¬ 
lutions per minute. A very large proportion of 
the fatal automobile accidents have been due to 
bursting fly-wheels. 

The question of materials is one that you had 
better discuss long and carefully with the repair¬ 
man, if he appears to know his business. Unfor¬ 
tunately, foreign constructors are considerably 
ahead of us in suiting the material of the car to 
the work it is to do and to the particular kind of 
strain or shock it must endure. For instance, the 
tensile strength of a special nickel steel used by 
one manufacturer is 107,000 pounds per square 
inch, while that of fifty-point carbon steel is 110,- 
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000 pounds. But the average elastic limit of the 
former is 99,800 pounds, that of the latter being 
only 65,000. It will be readily understood from 
the tabulated results of various notched-bar tests 
that the tensile strength is of no use beyond the 
limit of elasticity, since the factor of safety de¬ 
pends upon resistance to shock. The metal that 
will snap at the first blow obviously affords a lower 
factor than the one which will merely bend, or 
break only after due notice. Mr. J. S. Critchley, in 
a paper discussed by a recent meeting of experts in 
England, said that steel manufacturers in that 
country, while as able as those elsewhere, “ did not 
care for small orders, and would not, as a rule, 
apply themselves to working out problems which 
might only result in small immediate orders.” The 
same situation exists in this country, our manufac¬ 
turers refusing to bother with what they call “ freak 
steel.” It is easy for American builders to ascer¬ 
tain the practise of French and German contem¬ 
poraries, but the difficulty of securing at home 
proper materials deters the majority from adopt¬ 
ing the most advanced methods. Here lies the real 
superiority of the foreign car, wherein by the use 
of special materials constructors are able to reduce 
the weight about one-third and still secure a greater 
factor of safety than is found in a heavier car built 
from ordinary metal. 

Some American makers are enterprising enough 
to import the best raw materials, or to have spe¬ 
cial parts manufactured abroad. Others are con- 
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tent to secure strength by putting in a larger quan¬ 
tity of domestic metals. Some, it is to be regretted, 
build cars only to sell, whose natural life is short, 
and whose margin of safety is in many instances 
left more or less to luck. 

The long car, necessitated by present popular¬ 
ity of the side entrance, constructed in the best 
manner with relatively long wheel-base, costs in 
the neighborhood of $10,000. An expert designer 
gives his opinion that in ten years’ time the same 
car will be turned out for $500. The cost of ma¬ 
terial is relatively small, and the cost of labor 
large. But the greatest impediment to cheapness 
is the present cost of doing business. The sale 
for the standard car is too limited to admit of its 
being sold cheaply. As soon as the public decides 
that it wants many cars and does not want 
“ cheap ” ones, competition will bring the price 
within the reach of the every-day automobilist. 

But when the chooser has accomplished the 
Herculean task of settling upon his first cost, he 
is then only at one end of his troubles. He must 
take into account “ being ” as well as “ becoming ” 
an automobilist, and here the evidence is again in 
favor of the small car for the beginner. In the 
case of the large car the necessary, and not entirely 
harmless, chauffeur is the largest item in running 
expenses. From the up-keep of the light car this 
is eliminated entirely, and even though the up¬ 
keep of such a car should prove greater in pro¬ 
portion to its cost than that of the larger machine, 
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the actual annual expenditure will be less for the 
former. 

Various computations of up-keep have been 
made, based on actual experience of users. The 
following by Mr. H. L. Towle are fairly typical 
and illustrate the point just made: 


Table I 

Nine-hundred-dollar car used 3,000 miles per year, and sold at end 
of third year for $500. 

Interest at 4 per cent. $36.00 

Depreciation. 133.00 

Tires at 2| cents per mile. 75.00 

Repairs and renewals. 67.50 

Gasoline. 30.00 

Washing. 25.00 

Oil supplies and batteries. 15.00 

Stable. 20.00 

Insurance (fire). 20.00 


$421.50 

Table II 

Thirty-five-hundred-dollar American touring-car, 20-24 horse¬ 
power, driven 8,000 miles per year, and sold for $2,000 at the end 
of three years. 

Interest at 4 per cent. $140.00 

Depreciation. 500.00 

Tires at 5 cents per mile. 400.00 

Repairs and renewals. 93.33 

Gasoline. 106.67 

Garage. 300.00 

Chauffeur. 900.00 

Oil and supplies. 30.00 

Batteries. 15.00 

Insurance (fire). 60.00 

Annual overhaul. 100.00 
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Table III 

Imported touring-car, 20-24 horse-power, first cost $7,500, driven 
8,000 miles per year, and sold for $4,500 at end of three years. 


Interest at 4 per cent. $300.00 

Depreciation. 1,000.00 

Tires at 5 cents per mile. 400.00 

Kepairs and renewals. 150.00 

Gasoline. 160.67 

Garage. 300.00 

Chauffeur. 900.00 

Oil and supplies. 30.00 

Batteries. 15.00 

Insurance (fire). 100.00 

Annual overhaul. 125.00 


$3,480.67 

It is clear that even though the purchaser may 
be able to get a good second-hand large car for the 
price of a new light car, he will still be better off on 
the score of up-keep with the latter machine. Mr. 
Towle endeavors to show in the following tables 
that between the new and a second-hand car of the 
same class, the latter is cheaper, provided you can 
get your friend the repair-man or the expert to 
recommend it as sound. 

It is hardly possible to exercise too much cau¬ 
tion, however, in the purchase of a second-hand 
machine. But if a second-hand car is pronounced 
by some competent person to be free from faults and 
has no other drawbacks than those necessarily aris¬ 
ing from ordinary wear, there is at least the advan¬ 
tage that the car has been tried on the road and the 
purchaser may start out with better knowledge of 
its capabilities than in the case of a new car. 
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Table I 


Estimated average cost per year 
mileage per year, 4,000. 

For Average User. 

Total life, 28,000 miles. 
Depreciation, J in 3 years. 


Interest.$ 50 

Depreciation. 250 

Repairs. 90 

Tires. 120 

Gasoline. 40 

Oil and supplies. 10 

Batteries. 10 

Stable. 20 

Insurance (fire). 25 


$615 

For 4,000 miles, 15.4 cents 
per mile. 


of $1,000 car for first three years, 

For Skilled User. 

Total life, 36,000 miles. 
Depreciation, £ in 3 years. 


Interest.$ 50 

Depreciation. 200 

Repairs. 50 

Tires. 60 

Gasoline. 40 

Oil and supplies. 10 

Batteries. 10 

Stable. 20 

Insurance (fire). 25 


$465 

For 4,000 miles, 11.6 cents 
per mile. 


Table II 

Estimated average cost per year of $1,000 car, bought at second 
hand for $300, with a remaining life of 16,000 miles, and for $500, 
with a remaining life of 24,000 miles, respectively. Mileage per year, 


4,000. 

For Average User. 
Remaining life, 4 years. 


Interest.$ 15 

Depreciation. 75 

Repairs and renewals. 125 

Tires. 120 

Gasoline. 40 

Oil and supplies. 10 

Batteries. 10 

Stable. 20 

Insurance (fire). 10 


$425 

For 4,000 miles, 10.6 cents 
per mile. 


For Skilled User. 
Remaining life, 6 years. 


Interest.$ 25 

Depreciation. 85 

Repairs and renewals. 100 

Tires. 60 

Gasoline. 40 

Oil and supplies.... .. 10 

Batteries. 10 

Stable. 20 

Insurance (fire). 15 

$365 


For 4,000 miles, 9.1 cents 
per mile. 
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CHAPTER X 


HOW TO BUN AN AUTOMOBILE 

“A hobse,” says Rudyard Kipling, “in most 
harnesses does the work for which his driver is 
paid; and when the man is more than usual drunk 
the beast will steer him home. Not so the car. 
She demands of her driver a certain standard of 
education, the capacity of unflickering attention 
and absolute sobriety.” 

Given the supply for these demands, there is 
one thing more needed to make a really successful 
driver, viz.: rapport between the driver and ma¬ 
chine—a rapport of the kind Mr. Kipling has sung 
of in MacAndrew’s Hymn. It is comparatively 
easy to learn to go through the motions of starting, 
steering, and stopping, but to get the highest pleas¬ 
ure as well as the highest efficiency out of an auto¬ 
mobile, the driver must become the soul of the 
mechanism. A good driver is a good listener. Like 
a locomotive engineer, he comes to distinguish in¬ 
stantly between the sweetness of normal running 
and the slight noises that indicate something is 
wrong. Stand on any corner past which many mo¬ 
tor-vehicles run and listen attentively to the sounds 
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made by each. You will be surprised to find how 
they differ in different cars. Not all the noisy cars 
are running badly, but you will very quickly pick 
out those whose even, rhythmical sound tells of 
properly timed ignition, and of throttling adjusted 
to a nicety for the speed. If you are observant, a 
few rides in an automobile driven by experienced 
hands will make you more or less familiar with the 
sources of different sounds. You will learn the 
difference between the explosions in the cylinder 
and the chug of the exhaust, and you will note how 
each differs under different running conditions. 
But more of this in the chapter on Care. 

While you are training your ear to distinguish 
noises, you may very profitably take a few lessons 
in steering, getting your friend the driver to put 
the machine at the first speed on some broad, level 
stretch of road. With both hands on the tiller or 
steering-wheel you will endeavor to lay a straight 
course in the middle of the road, and you will be 
astonished to find what a wobbly job you make of 
it. The machine, especially if it be a light one with 
reversible steering-gear, will be much more sensi¬ 
tive to your inexperienced touch than you sup¬ 
posed. You will turn too far in one direction, and 
in trying to correct the error you will go to the 
other extreme, so that your experienced friend will 
probably be kept busy at first working the clutch, 
and perhaps the brake-pedal, to prevent your zig¬ 
zagging entirely off the road. At first, your grasp 
will be that of a drowning man, but as you gain 
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HOW TO RUN AN AUTOMOBILE 


confidence you will learn to hold the tiller lightly 
except when it is necessary to apply some force. 

You will soon get over your zigzagging, and will 
find that you can keep a straight course mainly with 
one hand. Let the driver then reverse the car and 
give you an opportunity to acquire the same pro¬ 
ficiency in steering backward. Before proceeding 
to the next speed, you had better try operating the 
brake-pedal yourself and also throwing the clutch 
in and out. In most cars the brake-pedal throws 
the clutch out automatically. Remember to start 
and stop gradually. Depress the brake-pedal slow¬ 
ly, with increasing force as you feel the brake bind. 
Before releasing the brake at starting, plant your 
heel firmly on the foot-board, depress the clutch- 
pedal with the toe. Then release the brake and, 
slowly raising your toe, let the pedal slide up along 
the sole of your foot till the clutch is engaged. 
This will give you the most delicate control. 

The next time you go out with your experienced 
friend, you may try straight steering on the sec¬ 
ond speed. The higher the speed, the easier to keep 
a straight course, but it is best to pick out a level 
field or some other arena before attempting the 
intricacies of curves and turning. Set up a few 
obstacles of some material no more formidable than 
a pasteboard bandbox and practise turning in and 
out for these, steering between them in about the 
position of Scylla and Charybdis and rounding 
them at different speeds as imaginary comers. In 
general, you had best form the excellent habit of 
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taking corners with your clutch-pedal down and 
your foot on the brake-pedal, either operating it or 
ready to do so. Turning corners at high speed is 
dangerous at any time and puts a very undesirable 
strain upon your wheels and tires. Always depress 
your clutch-pedal sharply and suddenly and let it up 
slowly and gradually. Never apply the brakes so 
suddenly as to lock the wheels. If the momentum 
of the car is sufficient to cause the wheels to slide, 
they will slide, and slide faster than if braked just 
up to the point where they still roll. In a light ton¬ 
neau with no passengers, so little of the moving 
weight is over the drive-wheels that if they be 
locked suddenly, friction would almost instantly 
melt the tires and so lubricate the slide of the 
wheels as to offer less resistance to rolling than 
ordinary running. Furthermore, surface pebbles 
and sand will make excellent ball-bearings for the 
wheels to slip over. Overcome early the tendency 
to panic-stricken braking. If in danger, put the 
brake on hard but evenly, and no matter how rat¬ 
tled you feel, remember that the friction between 
rubber and road when the wheels are not locked 
gives greater braking power in proportion to weight 
than your friend the locomotive engineer has at his 
command when some one is “ asleep at the switch.” 

But you are anxious to get beyond the point 
where the experienced motorist is “ giving you the 
steer ”; you are eagerly anxious to run your own 
car. In the first place, go slow. Make up your 
mind to operate on the first speed until you are 
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absolutely sure you can get no more pleasure out 
of driving unless you can go faster. 

But before you can even go at all, you must 
master the art of starting, which begins with filling 
your oil- and gasoline-tanks and your water-tanks, 
unless you have an air-cooled motor. Always fill 
and measure the contents of all tanks before start¬ 
ing. The habit of systematic inspection of the 
mechanism every time you start out should be 
formed at once. The routine to be gone through is 
set forth in the chapter “ How to Care for an Auto¬ 
mobile,” which may profitably be studied before 
taking your first ride. If your experienced friend is 
still with you—and you had better induce him to 
stand by you if possible—he will tell you a lot of 
things you will want to know. If he is not, you 
will have to learn the mechanism of your car from 
the maker’s instruction-book, and from “trying 
tilings.” But don’t try anything “ just for luck ” 
until you have studied out carefully what the effect 
will be. In any ease, it is a good plan to jack the 
driving-wheels off the ground at your first lesson 
and thus be able to note the effect of your opera¬ 
tions upon the car standing still. 

Put on the brake and make sure that the clutch- 
pedal is down. Set the change-speed lever in the 
neutral position and the reverse-lever back as far 
as it will go. Turn on the cock admitting gasoline 
to the carbureter. Open throttle slightly; push ig¬ 
nition-advance lever back as far as possible, and be 
very careful you do not get it forward by mistake. 
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The spark-lever and the throttle-lever are most 
commonly situated on the steering-pillar, but the 
particular arrangement of these controls in your 
machine you can study out from the maker’s in¬ 
struction book. (See Fig. 118.) 

“ Tickle ” the carbureter by depressing the float 
momentarily, allowing the gasoline to flood in. 
A rubber bulb or other pneumatic device is usually 



Pig. 118. —Diagram Showing Positions op Operating-Levers 
Typical op Car where Ignition-, Throttling-, and Speed- 
Levers are all on Steering-Column. 


provided under the seat for this purpose. Now if 
the compression in your cylinders is good, you can 
perhaps start the motor thus: Be sure the ignition 
circuit is not made. Remove the plug from the 
switch or set it at “ off.” Put on starting-handle 
and turn over a few times till a fresh charge is ob¬ 
tained in each cylinder. Then mount the seat, 
switch on the ignition circuit, and push the spark- 
ing-lever sharply forward, as far as it will go. 
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This, by turning the commutator, will cause a 
spark in one of the cylinders and start the motor. 

If your mechanism will not permit of this 
method, you will make your ignition circuit, then 
set on your starting-handle and, making sure that 
the sparking-lever is as far back as possible, stand 
facing the handle, grasping it with the four fingers 
of the right hand, allowing the thumb to lie along 
the handle. Raise the handle to its highest posi¬ 
tion, press it in toward the car, and turn downward. 
As you pass the lowest point and begin to pull up¬ 
ward you should feel the resistance of compression. 
Should you not feel the compression till you are 
again pushing downward, do not continue to push, 
but let the crank spring out of engagement and re¬ 
volve it backward far enough to pull up against the 
compression, then shove the crank home and pull it 
up over the resistance. Never push down over 
compression , for in case the sparking-lever has 
been left forward, the motor will start before dead 
center, and the handle will be driven violently 
backward and will seriously sprain your wrist. 
One turn may start the motor if you have previ¬ 
ously cranked it with the switch “ off.” If not, you 
will have to turn over the compression three or four 
times. It is a good plan for the beginner to make 
the first two or three turns with the switch “ off,” 
and then turn “ on ” the switch and make the last 
turn upward, when the motor should start. 

Another method for the beginner is to turn the 
handle till he is sure it is pulling upward against 
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the compression, then partly open the relief-cock of 
the cylinder till part of the compression is released, 
then close it and pull the motor over quickly once. 
If this does not start it, open the cock partly and 
pull over three or four times; close the cock and 
pull over once. Some small motors are provided 
with an exhaust-valve lifter, which may be operated 
to relieve compression during the first few pulls 
and then released for the final pull on the starting- 
handle. If you pull over against half-compression 
and the motor starts, of course close the relief-cocks 
at once. If the motor does not start after four or 
five turns, it is useless to go on cranking. Go over 
the ground a second time. Flood the carbureter 
again by squeezing the bulb. You may have to give 
it two or three squeezes if the parts are chilled. 

When the motor starts, mount the seat and 
slowly advance the spark-lever till you hear a 
knocking sound in the cylinders, then draw the 
lever back slowly till the knock ceases and the mo¬ 
tor runs smoothly. Now open the throttle a little 
more and you will find that you can advance the 
spark-lever still further and that the motor will go 
faster. By experimenting with throttle and spark, 
you will discover that as you throttle down the gas, 
the motor will go slower, and then as you retard the 
spark, it will go slower still. Do not retard the 
spark without first throttling the mixture, other¬ 
wise the flaming gas will rush out over the exhaust- 
valve and its stem, to their permanent injury. You 
will soon learn how far to advance the spark to get 
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the greatest range of speed out of each change in 
the quantity and quality of mixture. 

You have not yet attempted to transmit motion 
to the wheels. With the motor running at a medium 
speed, see that the clutch is depressed, release the 
brake, and slide the change-speed lever into position 
for first speed. Now slowly let up the clutch-pedal 
and the wheels will begin to revolve. If your trans¬ 
mission is of the planetary type, you will merely 
have to press down slowly on the slow-speed clutch. 
After noting the running on low speed, throw out 
the clutch and apply the brake-pedal. Let the clutch 
in and out several times and practise operating 
both pedal and hand-brake. 

You may now try to master the operation of 
the change-speed gears. You have been running on 
first speed. Throw out the clutch and try to move 
the change-speed lever into the notch for second 
speed. The movement should be a steady forward 
shove of the lever, and as the gears should be travel¬ 
ing at the same speed they should engage at once. 
If the gears “ growl,” do not try to force the 
lever. Withdraw it slightly, release the clutch-pedal 
slightly, and then, depressing it, try again. The 
object is to have both shafts moving at the same 
speed at the moment of engagement. The gears 
must be thrown into mesh sharply or not at all. 
Never let them grind against each other. In chan¬ 
ging from a high speed to a lower, the wheels should 
be slowed and the clutch-shaft accelerated to bring 
the gears approximately to the same speed. In 

207 



THE BOOK OF THE AUTOMOBILE 


changing from a low to a high speed, theoretically 
the car should be accelerated and the clutch-shaft 
slowed. It is impossible to accelerate the wheels, 
but the motor may be throttled down and used as 
a brake on clutch-shaft to bring the gears as nearly 
as possible to the same speed before meshing. Ex¬ 
perience alone will make you proficient in opera¬ 
ting the sliding-gears, and by a method of trial and 
error you will eventually get the “ feel ” for the 
proper moment to shove the gears firmly and 
smoothly into mesh without grinding. 

On the road you will also come to divine when 
to change speed to best accommodate running condi¬ 
tions to the motor. You will have become thor¬ 
oughly familiar with the action of your machine 
with the wheels jacked up, and will have become 
fairly proficient in handling it on the level road be¬ 
fore you attempt to take any hills. Don’t pick out 
a very steep one for your first attempt. Your mo¬ 
tor should be running at a good speed, previously 
obtained by opening the throttle and advancing the 
spark-lever. We will suppose you are taking the 
hill on the third speed. As you ascend, the motor 
will begin to slow as it feels the load. Retard your 
spark gradually to meet the working of the motor. 
When the motor speed falls to about the speed of 
the gears, it is time to change down to second 
speed. This must be done quickly and without 
hesitation. Push down sharply on clutch-pedal, 
move speed-lever into second notch, and let up 
clutch-pedal slowly. Don’t get nervous and let the 
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Two results of an attempt to drive across country; after pulling the 
ear out of the ditch with block and tackle, a second hole necessi¬ 
tated taxing the motor to its utmost. 















HOW TO RUN AN AUTOMOBILE 

clutch in suddenly, or you will overload and stop 
the motor. Then your only resource will be to ap¬ 
ply the hand-brakes to keep the car from running 
backward. It is advisable for the beginner not to 
let the motor slow down too much before changing 
down in hill-climbing. When its speed flags per¬ 
ceptibly, make your change, and don’t be too long 
about it, as the momentum of the car will fall below 
the point where the motor will prove efficient on 
second speed, and you will have to get down quickly 
to first speed. The object on gradients is, as in 
starting, to utilize, in the push off, all the power of 
the motor possible at the road tires, without exceed¬ 
ing the limit of adhesion. You must suit the speed 
to the load, but do not needlessly change speed if 
you find that, though you are running a little slower, 
the motor is taking the load comfortably. Simply 
retard the spark to the point of best efficiency and 
let her pull you up. With a high-powered touring- 
car, you have four speeds forward, and intelligent 
throttling will give you a range of speed between 
these. Perhaps your reverse speed is different 
from any of those forward, and you may find that 
the only way you can get up some hill is to turn 
around and “ crab ” it, pulling yourself up on the 
reverse speed. 

In coming down-hill, as the speed begins to 
overrun the motor, depress the clutch-pedal, and, 
if the grade is steep, keep the car under control 
by the hand-brake. On an ordinarily exhilarating 
coast, throw out the clutch, throw in the high speed, 
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and let the clutch in again when the car has slowed 
down to about even speed for this. 

If you have been working up a long hill on the 
low speed, tending to overheat the motor, it is a 
good plan to throttle down, and to switch off the 
ignition as you begin the descent, leaving the clutch 
in. The cessation of firing will give the cylinders a 
chance to cool. The speed of the car must of course 
be prevented, by means of the brake, from over¬ 
running the motor. As you reach the bottom, 
switch on the ignition again, open the throttle, and 
the motor will take up its cycle. Never coast down 
a very steep hill, but keep the car carefully under 
control with the brakes. In coming down a hill 
slowly, after coming up on low speed, do not re¬ 
lease the clutch, but throttle down the motor and 
retard the spark. In small cars with planetary 
transmission the low speed will probably control 
the car in descending average grades. If the foot- 
brake in such a car is insufficient to hold it on a 
descent, additional braking power can be obtained 
by switching off the ignition, with the low speed 
clutched up. At least one of the brakes should 
operate without releasing the clutch, so that the lat¬ 
ter may be judiciously employed on grades in con¬ 
nection with the brakes. Suppose you are laboring 
up a steep hill and the motor suddenly stops. 
While you are wondering what has happened, the 
car will begin to move slowly backward, reversing 
the motion of the motor, the compression of which 
affords some brakeage. The thing to do is to lock 
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the wheels at once by means of the hand-brake 
without throwing out the clutch. The car may gain 
a little momentum before you realize the necessity 
of stopping it, and then if you apply a brake which 
releases the clutch, the car, relieved of the restraint 
of the motor, will tend to spring backward strongly. 
If the brake should not hold, and is of the variety 
that must be released before you can press in the 
clutch again, you are worse off than you were be¬ 
fore, for then the addition of the hand-brake to the 
braking effect of the motor would probably have 
held the car. When the car begins to slip backward 
on a steep grade, and you find you can not control 
it, you had best jump out promptly and block the 
wheels with the biggest thing you can pick up 
quickly. If you prefer sticking to the tiller, steer 
the car as coolly as you can into some roadside ob¬ 
stacle. 

Stopping on an up grade is a thing to be avoid¬ 
ed, since, if the car has no sprag to hold it, starting 
again is an operation requiring some skill. The 
clutch must be let in very cautiously, and when it 
just begins to engage, the brakes must be quickly 
released and the clutch allowed to press firmly in 
—practically as one operation. Until you can 
accomplish this successfully your companion may 
have to dismount and act as a human sprag, by 
pushing against the car till you get your transmis¬ 
sion started. If he is too bulky to climb in again 
with the car moving slowly, you had better block 
the wheels, then mount the seat, release your brake, 
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and do your best to get the clutch in quickly with¬ 
out overloading the motor. Stopping on a down 
grade presents much the same problem as on an 
ascent, though of course starting again is simple 
enough. 

Stopping in general demands some attention. 
The natural tendency of the driver is to release the 
clutch and apply the brake. The speed of the mo¬ 
tor, however, should first he attended to, by throt¬ 
tling down and retarding the spark to the proper 
point for a stop. This point is where the motor 
will just run, and after you have managed your car 
a while you will know exactly where to set the 
levers. Acquire the habit of moving these auto¬ 
matically to the proper positions, as the first act 
of stopping. Do not begin by leaving this till you 
are reminded of it by the racing of the motor. Do 
not try to see how short you can stop every time. 
It is well to adjust the motor speed, release the 
clutch, and let the car slow down as much as pos¬ 
sible before applying the brake. Learn to calculate 
the distance in which you can bring the car to a 
standstill with least strain and wear on the mechan¬ 
ism, and then time your operations accordingly. 
Before dismounting always set change-speed lever 
in neutral position. If the car is to stand only a 
brief interval, the motor may be allowed to run, but 
if there is a considerable wait, pull out the ignition- 
plug and close the lubricating-cocks. 

Never throw in the reverse-gear unless the car 
has come to a full stop. With the planetary type 
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of transmission, in a very great emergency the re¬ 
verse may be used as an additional brake, but even 
then should only be applied after the emergency 
brakes have been given a chance to act. The sud- 



Pig. 119 .— Controls of a Typical Car Haying Planetary 
Transmission. 


The box to the left of the dash contains the batteries; that to the 
right the coil and two-point switch so that either battery may 
be used. The upright foot-lever farthest to the left gives the 
first speed, and when the hand-transmission lever to the right is 
moved forward it gives the second or intermediary speed; with 
the hand-lever moved still farther forward it gives the reverse. 
The second upright foot-lever to the right gives the top speed on 
direct drive. The horizontal pedal between the two levers oper¬ 
ates the brake on the transmission while the foot-lever farthest 
to the right is for the emergency-brake on the rear wheels. The 
throttle is controlled by the wheel directly below the steering- 
wheel and the ignition by the small lever directly below this. 

den application of the planetary reverse is liable to 
throw you over the dash and to strain the ma¬ 
chinery. (See Fig. 119.) 

Side-slip or skidding is a danger against which 
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the automobilist must be constantly on bis guard. 
If the wheels lose their adhesion so that they ro¬ 
tate faster than they advance on the road, they will 
slip, and they are quite as likely to slip sidewise as 
forward. If the vehicle be turned sharply, there 
is a tendency to side-slip because the center of 
gravity of the car tends to continue its motion in 
the original direction. Sudden letting in of the 
clutch, sudden application of the brakes, or a sud¬ 
den turn of the steering-wheels, may cause the 
wheels to lose adhesion, and if the momentum of 
the car is not in line with its direction, the result 
will be a side-slip more or less dangerous. In 
rounding a curve the front wheels tend to slip with 
increasing speed and the back wheels with decreas¬ 
ing speed. Therefore do not accelerate the speed 
nor apply the brakes on curves. In turning from a 
straight line the tendency of the front wheels to 
slip is greater, and in turning from a curve to a 
straight line the tendency of the back wheels to skid 
is greater. Transitions from one curve to another 
must not he made abruptly, hence in rounding a 
corner make as wide a sweep as possible. If you 
are on a crowned road which slopes off to a gutter 
on either side, take the curve so that the swell of the 
road will be against your outside wheels. On 
curves it is the inside wheels and not the outside 
ones that tend to be lifted off the ground by centrif¬ 
ugal force. The crown of the road will act as a 
bank to overcome this tendency and also to prevent 
the rear wheels from skidding sidewise. Always 
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take the inside gutter in rounding a curve on a 
crowned road, and in general try to bank the out¬ 
side wheels so that the car will lean inward on 
curves, like a bicycle. 

When side-slip does occur throw out the clutch 
and bring the car up, by means of the steering- 
wheel, in the direction of the slip. If the slip oc¬ 
curs while braking, release the brakes and trust to 
manipulation of the steering-wheel to right the car. 
Wet asphalt or a moist road where the mud is only 
surface-dry requires the greatest caution in driving 
to prevent skidding. Various wheel and tire at¬ 
tachments are sold to prevent skidding, and most of 
them are useful, but do not expect them to insure 
you against reckless driving. When you feel the 
car begin to skid, do not trust to your skill as a 
driver to swing it around safely, but try to right it 
at once. Such a strain is put upon the wheels when 
slipping sidewise, that were one of them to meet 
an obstacle, the chances are all the spokes would 
be ripped out from the hub and you would be left 
disabled if not personally injured. 

Do not at any period of your career as an auto- 
mobilist abuse the privileges of the road nor be 
inconsiderate of the rights of others. Do not try to 
show off until you know what you are doing. Do 
not run over dogs. It will hurt the dog, but it may 
hurt you much more. Hitting a fifty-pound dog, 
at a speed of forty miles an hour, is equivalent 
to having a fifty-pound weight thrown with a veloc¬ 
ity of sixty feet per second against your wheel. 
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Wheels are not made to indulge in such pastimes. 
Do not overwork your horn, and do not depend 
upon it entirely to give warning of what you in¬ 
tend to do. It is well to signal with the hand at 
crossings and comers when about to stop or turn. 
Do not confuse pedestrians whom you wish to pass, 
by a long series of blasts on the horn. They may 
bestrew themselves in your path in a way that will 
be very disconcerting, if not dangerous, whereas 
one sharp toot at the proper distance will cause 
them to seek a point of safety promptly. While on 
the subject of “ Don’ts,” the following by Mr. D. H. 
Morris are well worth fixing in the mind for gen¬ 
eral guidance in driving: 

Don’t disobey the rules of the road. 

Remember to keep to the right and pass on the left. 

Don’t forget that pedestrians have the same rights as 
vehicles at street crossings. 

Remember that vehicles do not have the right of way at 
street crossings. 

Don’t forget that your rate of speed should never exceed 
the legal rate, ten miles an hour in the greater city. 

Remember, when local conditions require, to adopt even a 
lower rate of speed than the legal rate. 

Don’t get “ rattled. ” • 

Remember that it is the “other fellow ” who always loses 
his head in a crisis. 

Don’t insist upon your rights. 

Remember that the “other fellow” may not know your 
rights, and an insistence on your part is bound to result in 
an accident. 

Don’t argue with trolley-cars, express-wagons, brewery- 
trucks, or other heavy bodies found in the public thorough¬ 
fare. 

Remember that the drivers of these powerful vehicles gen¬ 
erally operate on the theory that might is right. 
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Don’t expect women and children to get out of your way. 

Remember that women and children don’t know how to 
avoid danger. 

Don’t run any unnecessary risks. 

Remember that while the automobile is flexible, powerful, 
and easily controlled, you may make a slip. 

Don’t drink. 

Remember that nine-tenths of the accidents occur to auto¬ 
mobiles driven by intoxicated chauffeurs. 

Don’t sneak away in case of an accident. 

Remember that the true gentleman chauffeur, although he 
may not be responsible for the misfortune, stands his ground. 

Don't fail to be a gentleman under any provocation. 

Remember that the Golden Rule practised in the road will 
save you no end of trouble, expense, and worry. 
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HOW TO CARE FOR AN AUTOMOBILE 

Enough has already been said in these pages to 
convince the automobilist not only that his car will 
require proper care, but also that its efficiency will 
depend very largely upon the intelligence and regu¬ 
larity with which a general oversight is exercised. 
Whether he is to attend the machine himself or to 
entrust it to competent hands, he must decide on 
purely personal grounds. If he is sufficiently fired 
with the enthusiasm of becoming an expert or even 
a reasonably competent automobilist, he will learn 
more by assuming all the routine care, except that 
involving mere drudgery, and he will depend upon 
the machinist when he gets “ stuck.” If he has any 
taste for mechanics, the work will then at least be 
done con amove, which is a rare luxury in the case 
of the hired attendant. 

The object of care is of course to have the car 
always available to start at short notice and to give 
its maximum efficiency during the trip. Smartness 
of appearance is the pride of all but the slovenly 
driver, and the routine of external cleanliness will 
most commonly be entrusted to the intelligence of 
the hired man. Wise is he who has chosen an 
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automobile body of the simplest lines, without un¬ 
necessary corners and crevices, corrugations and 
convolutions, whose levers are as plain as the sur¬ 
geon’s forceps and whose casings present as smooth 
a surface as possible to the dirt of road travel. 
Builders are far too prone to turn out machines 
with unnecessary ornamentation. These look very 
smart in the show-room, but turn the stable into an 
arena for the labors of Hercules. 

Smartness will demand frequency and regu¬ 
larity of cleaning, and varnish bills will depend 
somewhat upon the methods of cleaning allowed. 
If your man knows his business, he will employ 
nothing but water and chamois skin on the body 
and wheels. A little gasoline mixed with the water 
may be used when necessary to remove grease, but 
the surface should be oiled and polished afterward. 
After a run in bad weather the car should be hosed 
down to remove the mud before it dries. If you are 
breaking in your coachman, you will have to watch 
him for a while, till he evolves a system of hosing 
which will not splash the frame, soak the bearings, 
nor wet the motor at all. 

Unless the machine is housed in a building ab¬ 
solutely free from damp, a waterproof covering 
reaching to the floor should be provided. In any 
case, the car should be covered from dust when not 
in use. If garage is not hired for the car, some 
coach-house or out-building will probably be 
adapted, which is easily done. The place should be 
well lighted, if you are to work about your car with 
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any comfort. If a pit can not be provided, a plat¬ 
form may be built to enable you to get at the car 
from beneath. 

The mechanical care of the car involves a regu¬ 
lar routine to be gone through every time a trip is 
contemplated. The careful driver will not be in 
such a hurry to get on the road that he will forget 
some important detail, the neglect of which may 
seriously hamper him in getting the car to its des¬ 
tination. It is doubtless very trite to be always tell¬ 
ing the tyro not to try to run without gasoline, oil, 
and water, but the number of instances where cars 
have been stalled on the road for lack of one or 
more of these essentials seems to warrant their repe¬ 
tition. Have a systematic routine in preparing to 
start, and go through it religiously every time. 
The operations may be in some such order as this: 

1. Fill the Gasoline-tank .—If you have ever 
had a gasoline-stove in the family, you will be 
familiar with the usual cautions about never 
filling near a light nor striking a light im¬ 
mediately after filling. Use 76° gasoline in win¬ 
ter. In summer you may use as low as 74°, but it 
is best to adopt a uniform grade and test each 
supply by means of the small hydrometer sold for 
this purpose. You will thus come to know the 
capabilities of your fuel under different conditions 
and be able to regulate it with more accuracy. Al¬ 
ways strain the gasoline through the funnel. Fun¬ 
nels are provided with wire gauze for this purpose, 
but it is best to use thin chamois leather in addition, 
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as this will absolutely exclude any water. Water in 
the carbureter will result in loss of power and may 
keep you looking for the source of a breakdown a 
long time unless you happen to remember that you 
did not strain the fluid. If inlet to the tank is 
closed with a screw-cap, when you lose it do not 
replace it, even temporarily, with a cork. It will 
only take a minute particle of foreign substance to 
clog the needle-valve and cause an unaccountable 
stoppage. The author knows an experienced driver 
who went over all his car four times on a lonely 
road before he discovered that a mosquito had 
found sepulture in the valve and was effectually 
cutting off the supply of gasoline through the 
spray. It will prove a comfort if you have the lost 
screw-cap replaced eventually by a tap with large 
aperture protected with wire gauze. Before fill¬ 
ing, make sure that the supply-valve to the car¬ 
bureter is closed. If there is a filter in the car¬ 
bureter supply-pipe, with a drain-tap, open this 
and draw off the collected impurities at least once 
a week. 

II. Examine the Carbureter and its Connec¬ 
tions .—See that the gasoline supply-pipe is free 
from obstruction and that all dirt is cleaned away 
from the air inlet. The point of the needle-valve 
must he kept bright and its seat true in the casting. 
Test the free working of the float by depressing 
the stem. Note working of throttle by moving 
lever on the steering-pillar or wheel. 

III. Fill the Water-tank .—Use the cleanest 
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water you can get and do not use it any colder 
than you can help. You will have to fill the 
tank every time you start out, and if the run 
is long you may have to fill it before returning. 
If you have been compelled to use hard or dirty 
water on the road, drain it all out and refill before 
starting out again. In cold weather it is best to 
drain off the water every time the car is put up, 
even if you use a freezing mixture, unless the car 
is housed in a place where you are sure the tem¬ 
perature will not fall below 40° F. Various freez¬ 
ing mixtures are recommended by manufacturers, 
but as none of them are guaranteed it is not well to 
depend absolutely on them. Four pounds of cal¬ 
cium chloride to the gallon is said to prevent freez¬ 
ing down to 17° F. below zero. The solution should 
he strained before using. Two pounds of calcium 
chloride to the gallon, strained, and one pound of 
glycerin added per gallon is another formula. 

In filling, open the drain-cocks from water- 
jacket and radiator, and pour water into the tank 
till it overflows, with the water escaping freely from 
the cocks. The object of this is to prevent air-lock 
in the circulation-pipes. An air-bubble in the bend 
of some pipe may effectually stop the water circu¬ 
lation, allowing the water in the jackets to boil 
away and the motor soon to overheat. If steam is 
detected escaping from the relief of the water sys¬ 
tem, look after the circulation at once by opening 
the cocks and seeing that the water runs free from 
them with the motor running. It is well to run the 
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motor for a few minutes before starting and then 
to judge of the condition of the circulation by 
feeling the upper and lower coils of the radiator to 
see if they are at the same temperature. You will 
soon come to know how long it takes for the circu¬ 
lation to heat up evenly, and you can be busying 
yourself with other preparations while it is doing 
so. Don’t try to fill the gasoline-tank while the 
motor is running and don’t start it till you have 
filled the water-tank, oiled all the motor bearings, 
and tested the ignition system. 

IV. Inspect Ignition System .—Test the bat¬ 
teries by means of a voltmeter to see that they 
are giving sufficient voltage. Test each cell in¬ 
dividually and see that it contains enough liquid. 
See that all terminals are tight in their bind¬ 
ing-posts and that terminals are clean. Do not 
ruthlessly tighten the binding-screws of the coil, 
but gently insure a firm connection. Clean ex¬ 
cessive acid corrosion from battery terminals with 
ammonia and a tooth-brush. Have the platinum 
points on the tremblers bright and clean and be sure 
the adjustment of the tremblers is right to give the 
proper flexibility of spring and the same musical 
“ ping ” as when received from the factory. Trem¬ 
blers must be adjusted while motor is running at 
high speed, by holding down all but one, and turn¬ 
ing the screw of this till the running of the motor is 
perceptibly improved. Repeat the operation with 
each spring in succession. Be sure the spark-plug 
is clean and sparking-points bright and at the right 

223 


THE BOOK OF THE AUTOMOBILE 


distance apart, fa of an inch, or T ^, if your sys¬ 
tem has an external spark-gap. (See Fig. 120). The 
quickest way to detect dirt on the spark-plug, if 
there is no external gap, is to disconnect the high- 
tension terminal from the plug and, holding it very 
near its post, so as to cause a slight external spark, 
have some one crank the motor. If the motor will 
not start, the plug will have to be 
taken out and cleaned. If it does 
start, holding terminal by the insu¬ 
lation, let the motor get running, 
then switch off ignition, insert and 
bind terminal quickly, and switch 
on ignition. If you are not skilful 
about this, you will have to crank 
again, but if there is only a little 

Fig. 120.—:Exter- ^he plug it will be dried by 

nal Spark-Gap r bi j 

Fitted to Bind- this time, and the compressed gas 
^ng-Post of w p] ije hotter and more inflamma¬ 
ble, so that the motor should start 
without trouble. If the source of current is a dyna¬ 
mo or magneto, of course see that all connections 
are clean, and that parts are in working order. 

V. Inspect Valves .—See that they are working 
freely as the motor is turned over with ignition 
circuit off. Test seating by turning the mushroom 
around, and noting any unevenness by the feel. 
If a valve is very dirty or burned badly, and you 
have any doubt about its seating, you had best 
test it for leakage as explained in another part of 
this chapter. Do not attempt to run with leaky 
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valves, or a stem that is badly weakened by the 
hot exhaust of the motor. Clean or change them 
before starting. 

VI. Lubricate .—The instructions of manufac¬ 
turers are very full and explicit as to the quantity 
and quality of lubricants to use on each part, and 
you had better follow them faithfully till expe¬ 
rience suggests modifications. Go about the oiling 
in regular order, and make a point of inspecting 
each part whether you oil it or not. Go over them 
in some such way as this: (1) Open crank-case 
drain-cocks and draw off old oil if there has been 
any extensive running the previous trip. The case 
should be washed out with kerosene about every 
five hundred miles. (2) Close cocks and fill sight- 
feed reservoir. (3) Supply oil to crank-case by 
pouring in the necessary quantity, or by the nec¬ 
essary proper number of strokes of the force-pump 
if one is provided. Be sure that the pump gives 
full discharge. (4) Fill all motor oil-cups, not 
forgetting dynamo, magneto, pump, and fan. 
Don’t use the gasoline funnel for pouring in oil. 
(5) After starting the motor, adjust the stroke of 
the oil-pump so as to give the proper feed. Too 
much oil will make itself manifest by a light-blue 
smoke in the exhaust. This should, of course, be 
remedied at once. You may better err at first by 
using too much oil than too little. If the car has 
not an automatic oiling system, do not forget, in 
running, how often you must supply fresh oil to the 
crank-case, and be sure to drain off the old oil 
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each time. The motor will require lubricant oftener 
when running continuously on the low gear. (6) 
Oil the clutch-leather. Give it all the oil it will 
absorb, if new. Aim to keep its surface like that 
of a razor-strop. Oil clutch-bearings. (7) Pour 
enough of the proper kind of oil into the change- 
speed gear-case to bring the level up to about the 
lower edge of the shafts. Several times a season 
the case should be drained, and washed out with 
kerosene. (8) Fill any oil-cups on the transmis¬ 
sion-hearings. (9) Fill differential gear-case to 
proper level, usually about one-third full. Some 
differentials are packed in grease, which should 
last an entire season, hut should be inspected reg¬ 
ularly. (10) Oil the bevel-gears and see that there, 
is enough grease on the universal joints of the 
shaft, if the car has this kind of drive. It is best 
to have the joints enclosed in a leather crffee packed 
with grease, as they are then better protected and 
require less attention. (11) See that there is enough 
grease in all grease-cups, beginning at the steering- 
knuckles and going right down the car to the rear 
brake-drums, giving each cup a slight screw down. 
(12) See that front and rear hubs, steering-gear 
case, and any other bearings packed in grease, are 
in good condition. (13) Oil steering-column, steer¬ 
ing-rod joints, reverse-chain, spring-hangers, brake- 
levers, and joints, and any other moving parts 
not provided with cups. (14) Oil steering-wheel 
bearings, all hand-levers, and other friction points 
in the dash equipment. Be careful in lubricating 
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not to get any oil on the wire terminals of your 
ignition system, and in general refrain from drop¬ 
ping oil around where it is not needed. 

As you are going over the lubrication of the 
car, keep a lookout for any loose bearings, and be 
sure to take them up. Accustom yourself to trying 
all bolts and nuts to see if they are tight. Work 
all levers to make sure that they move free. Be 
particular to test the brakes and see that they do 
not hind or drag when thrown off. Belts and 
chains should be seen to and any undue slack 
taken up. 

Try the clutch and see whether it needs adjust¬ 
ment of its spring. If you learn to know the normal 
feel of the car, by pushing it a short distance over 
the floor of the motor-house, with brakes off and 
clutch disengaged, you will have a pretty fair test 
for makftig sure that there is no unusual resistance 
to rolling, and that nothing has been forgotten in 
the way of lubrication. 

VII. Pump up Tires .—Tires should he kept 
pumped up hard at all times if the car is in constant 
use, and this should be attended to, if necessary, be¬ 
fore putting the car up as well as at starting out. 
Tires must be kept dry and free from any oil or 
grease, which may be removed with benzine. Wipe 
them carefully after a run and inspect carefully, be¬ 
fore starting, for cuts and chips, and for proper 
seating in the rim. Unfortunately most tire repairs 
have to be performed on the road, but if incipient 
cracks and crevices be first scraped clean and then 
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filled carefully with thick ruhher cement before ta¬ 
king the car out again, the labor will be appreciably 
rewarded. 

VIII. See that all Tools and Supplies are in 
Place on Car .—The kit furnished with the car is 
never complete and will very soon have to be added 
to if you wish to drive over an appreciable radius 
in comfort. It is best to have a place on the car 
for all tools liable to he needed in ordinary run¬ 
ning, and to return them to their place after using 
them in the motor-house. Here is a sample list 
of tools furnished by the makers: 

1 funnel. 

1 brash for cleaning spark-plug. 

1 B. & S. 6-inch combination wrench. 

1 pair of 6-inch improved pliers. 

1 6-inch cold-chisel with pinch face. 

1 large screw-driver. 

1 f-ball peen-hammer. 

1 8-inch file. 

1 oil-can. 

1 double-end spanner-wrench for removing hub-caps 
and rear axle inside adjusting-nuts. 

1 complete tire-repair kit. 

1 foot-pump. 

2 extra spark-plugs. 

1 book of instructions. 

1 canvas tool-case. 

With additions to these you will find the list 
grow to something like the following array of al¬ 
most indispensable savers of time and temper: 

Flat cutting-pliers. 

Hand-vise, 1J inches across. 

A screw-spanner. 
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A very short screw-driver. 

A penknife. 

A duster, or wiping-cloth. 

1-lb. hammer. 

Three steel and iron punches. 

A key-driver, or extractor. 

A short copper bar, or punch. 

Cold-chisel. 

10-inch screw-driver. 

6-inch flat file. 

6-inch half-round file. 

6-inch triangular file. 

6-inch small round file. 

Set of box-spanners. 

An oiler. 

A grease-pump. 

A densimeter. 

Tire Tools : 

Jack. 

Air-pump with gauge. 

Three tire-removers. 

Repair-kit box. 

Containing: 

Scissors. 

Glass paper and scratch-brush. 

Tube of solution. 

1 doz. small patches. 

1 doz. large patches. 

Thread canvas. 

Two tire-bands (extra cost). 

Two gaiters and laces (extra cost). 
Gaiter-pads (rubber). 

French chalk, J lb. 

Spare tire-clip. 

Valve-tubes, valve-nuts. 

Stores, Etc. : 

A canvas pail. 

A large funnel or spout to fit gasoline-tins. 
Some thin, strong rope. 

Extra tin of gasoline. 

One tin of oil (bearings). 
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One tin of oil (crank-case). 

One tin, empty. 

One roll of pure rubber tape. 

One tin of grease. 

Iron wire. 

Steel wire. 

Copper wire, and a little sheet and small tubes (tinned). 
Asbestos card, and ditto string. 

Asbestos joints, ready cut; asbestos and copper spark¬ 
plug washers. 

Washers, nuts, screws, studs. 

Box containing needles, fine hook-needle, split-pins, 
broach or needle-holder. 

Fine emery -cloth. 

Valve grinding-tool. 

Small tin of paste of fine emery and oil. 

Keep the tire tools and kit all together in some 
part of the car that is cool, and can be got at 
quickly without disturbing any one. 

Make a group of the tools required most fre¬ 
quently and keep them instantly accessible, rolled in 



Wrench (II). 

a canvas kit. First among these come the (1) 
pliers, which should be of the double-grip variety, 
with screw-driver end. (See Fig. 121.) You will 
be wanting these in innumerable little emergencies, 
such as unscrewing tank-caps, pulling out and put¬ 
ting in split-pins, straightening and cutting wire, 
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holding some nut or bolt too hot for the fingers, and 
tightening nuts not so stiff as to require the span¬ 
ner. In tightening, the nut must be gripped firmly, 
so as not to materially damage its comers. The 
screw-driver end will be found useful in removing 
screw-bungs and in various adjustments where the 
(2) short screw-driver is unnecessary. The latter 
will be useful to reach parts otherwise inaccessible 
from proximity to portions of the car and mechan¬ 
ism not readily removed. The (3) small pliers will 
be frequently needed to hold some part upon which 
you are working with the large pair, such as 
twisting wire, keeping a bolt still while the nut 
is tightened, etc. A (4) small screw-wrench will 
be often a time-saver, and a (5) penknife will be 
indispensable. Don’t trust to your pocket-knife, 
but have one provided for the car, and replace it 
when it gets broken, as it frequently will. Have 
it cheap enough and strong enough to use for 
anything. It will cut the insulation from the end 
of a wire, scrape the wire clean, cut asbestos joints, 
cut a piece of hose for the water system, and even 
pry up a stuck washer. The (6) small hand-vise 
belongs in this “first-aid” kit and also the (7) 
dust-cloth, which you will want constantly for 
wiping your hands and holding hot things, besides 
for its legitimate purpose. 

Under the tonneau seat, or beneath the above 
kit, you can keep in a leather bag the tools needed 
for more serious repairs and adjustments. The 
(1) hammer, (2) cold-chisel, and (3) blunt punch 
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belong here. The pliers and monkey-wrench will 
not take the place of a good hammer with one thin, 
flat head, and the other thick and round. The 
handle should be about ten inches long. There are 
innumerable ways in which it will be useful. You 
can use it as an anvil, shape a piece of tube with 
it, or take up the blow with it when tapping on the 
other end of a shaft. With the blunt punch it will 
budge a nut that will yield to no other persuasion, 
and with a fine punch it will be efficacious for a re¬ 
fractory rivet. With punch and hammer you can 
mark a small part for replacement in the right posi¬ 
tion by striking a dot or two on it at the proper 
point. With the cold-chisel you can cut away a 
useless projection that makes a bolt inaccessible, 
you can cut a bit off the spring of a valve to secure 
better working, you can wedge off a tight washer¬ 
ring or bolt by tapping in the chisel. A hard (4) 
copper rod interposed will permit you to hammer 
around a nut without damaging it, to hit a bolt on 
the threaded end to get it out safely, and even to 
hammer on cast iron with less chance of breaking 
it. The (5) large screw-driver will hardly be 
needed in the emergency kit, as the screws in the 
mechanism are usually few and small. An excellent 
practise of some makers is to have all bolts notched 
in the head, so that they can be held by the screw¬ 
driver while a nut is being put on, or the bolt can 
be turned into the nut till tight enough for the 
spanner. With cold-chisel or hack-saw you can 
make such notches at the repair-hench when re- 
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pairing at home. Be careful not to get the notches 
too deep, weakening the bolt. Discrimination must 
he used in the employment of (6) files. They are 
chiefly of service in adjusting spare parts. Use 
them as little as possible on parts to he reassembled. 
They are good to cut steel wire, to ease a screw- 
thread which is too full, or has been accidentally 
hammered, to fit rivets, and to open out round 
holes. The files should all he fairly fine, except 
the half-round one, which may be coarse, since it 
is only used in preparatory work for the flat file. 
Perhaps the most important members of this group 


oT 


Fiq. 122 . —Box-Spanner which can be Fig. 123 . —Curved Box- 

Made by any Blacksmith. Spanner which a 

Blacksmith can Make. 

are the (7) box-spanners, since those provided by 
the manufacturer do not always fit every emer¬ 
gency. When you have to call upon your friend 
the repair-man for some adjustment, observe 
whether he uses your spanner or his own. If he 
has trouble with yours, get him to forge you a 
set which should include several long, straight ones, 
to take a different-size nut at each end (a and b, 
Fig. 122), and with a hole at each end (c and d) for 
the bar. Another useful shape for getting at nuts 
which can not be reached by long spanner is shown 
in Fig. 123. The ideal box-spanner is made of steel 
tubing, hut the local blacksmith will not make as 
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good a job of this as the solid forging. Special 
spanners of different kinds may be bought, one 
of the most ingenious being that with universal 
joint and changeable boxes, as shown in Fig. 124. 



Include in this group (8) the key-driver, some (9) 
tool-steel, a pencil-case, full of (10) fine needles, to 
clean out carbureter needle-valve and spray-holes. 
A very useful combination of case and holder for 
these is shown in Fig. 125. 

Spare or duplicate parts form an important 
section of your driving equipment. Provide a box 
in which to carry one duplicate of every kind of 
bolt and nut used on the car. This will not take 
up much room, and the satisfaction derived from it 



Fig. 125. —Case and Holder for Needles. 


will be infinite in case of a nut working off or being 
lost during some adjustment on the road. Nuts 
that have not a special locking device must be 
frequently examined, for the constant vibration of 
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the car has an almost miraculous power in working 
things off unexpectedly. Various methods of lock¬ 
ing nuts are shown in Fig. 126. The most important 
nuts to lock, which should he done on all cars 
when sent out by the makers, are (1) all nuts in 
steering-gear; (2) all nuts at both ends of connect¬ 
ing-rods; (3) all nuts holding on the wheels. A 
few points to remember about bolts and nuts are 
as follows; you will pick up others by intimate 
acquaintance with the repair man: 



HZ fea 

Fig. 126.— Methods op Locking Nuts. 


When a joint is held by a number of bolts or 
screws, tighten by degrees, beginning with those 
opposite each other, going round and round till all 
are equally tight. 

When dismantling, put nuts on their own holts; 
put all bolts, nuts, screws, washers, and pins be¬ 
longing to any one piece into one receptacle. When 
repairing, be liberal with extra washers, lock-nuts, 
etc., where they are needed. Makers do not always 
provide these sufficiently. In screwing or bolting 
two parts together “ dead tight,” you will make 
« 235 



THE BOOK OF THE AUTOMOBILE 

a better job with less trouble by introducing a 
washer. 

Oil and clean every screw before tightening it. 

Do not exert the full force of a spanner whose 
handle is longer than six inches on a bolt three- 
eighths inch or smaller. If you can not budge the 
nut, oil it with a mixture of gasoline and paraffin 
and wait half an hour. 

If an iron bolt breaks, replace if possible with 
a mild steel bolt of same caliber or a larger iron 
one. 

If a stud comes loose, tighten it (1), if you can 
get at the thread, by lock-nutting two nuts on it 
and then turning these with a spanner; if not (2), 
make a saw-cut in the head and drive it in with 
a screw-driver; or (3) use pliers on part not 
threaded or where thread is not used. Same 
methods may be used in extracting a half-broken 
stud, unless it is too short, when it must be drilled 
out. 

The automobilist should use whatever influence 
he has to secure the standardization of bolts, nuts, 
and screw-threads by makers on all cars. 

A spare ignition battery should always be car¬ 
ried, fully charged, in position where it can be 
switched on, if the car provides for this; if not, 
in some part of the tonneau. It is a good plan to 
always charge accumulators fully before starting 
out if an electric-light circuit is convenient, as the 
cells last longer when so treated. 

Carry several extra spark-plugs, several spare 
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platinum-tipped screws, for tremblers or contact- 
breaker; two or three yards of the best insulated 
copper wire, as well as a complete set of ignition 
connections, with terminals. Carry one duplicate 
of every asbestos or rubber joint, ready cut. 

Extra valves must not be forgotten, likewise 
several chain-links, a dozen lamp-wicks, an extra 
tin of calcium carbide, and a tin of paraffin-oil. 

When a fairly long trip is contemplated, it is 
highly advisable to carry a tin of gasoline in case 
of being stalled, for want of that precious liquid, 
in some spot where you would pay any price for 
enough to get you to the nearest town. 

Likewise it is best to carry one cover and two 
inside tubes for each size of tire on the car. This 
will make six tires the regular equipment of the 
car, and when one is damaged seriously it 
can be sent off for repairs without crippling the 
vehicle. 

Enough has already been done in the way of 
enumeration to fill the mind of the inexperienced 
motorist with pictures of himself spending the re¬ 
mainder of his life either in the motor-house or on 
the road, making repairs, with occasional inter¬ 
missions for meals and a little riding to see if his 
adjustments are correct. Such is far from actual 
experience. It must needs be that breakdowns 
come, and happy is the driver who has aboard the 
“ one thing needful.” There will be, with a reason¬ 
ably good car, plenty of running to satisfy even 
the somewhat extravagant demands of the begin- 
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ner. Care does not consist in always tinkering 
with the mechanism, but when adjustments have to 
be made, the desideratum is to get them over in 
a shipshape manner, before the exhilaration of 
smooth running has dissolved into the gloom of a 
long wait. 

In the preceding chapter, it was pointed out 
that the driver must become so much in touch with 
his car that the normal hum of the machinery is 
constantly in his ears, so that he may detect in¬ 
stantly any departure from this. Unusual noises 
must always be taken as a warning that care and 
possibly adjustment are required. They call for 
the exercise of the preventive ingenuity that marks 
the skilful automobilist. 

The noises you will come to distinguish in time 
are: 

I. “Knocking ."—This invariably indicates that 
something is out of kilter. It may be due to 
some fault of the ignition. Be sure the spark is 
not advanced when the motor is not running at 
a correspondingly high speed. If it is advanced, 
the charge will give its full explosion-pressure dur¬ 
ing the compression-stroke, and the strain may be 
sufficient to bend the connecting-rod. 

A peculiar knock, much sharper than the fore¬ 
going, occurs if the ignition-plug is so placed that 
the spark occurs in the absolute center of the com¬ 
bustion space for any position of the piston. This 
knock will occur only when the lever is at one 
particular point; a slight advance or retard will 
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prevent it, but the lever is not available in this 
position. The remedy is to fit another kind of plug 
which enters farther or not so far into the cylinder. 
The cause of this knock is probably some imper¬ 
fectly understood molecular condition. It may not 
always occur with the central spark, and it may 
possibly occur with a spark that is not central. 
When knocking is caused in this way, the only 
remedy is to experiment with different plugs until 
the right one is found. 

Knocking may be due to either of the connect¬ 
ing-rod hearings working loose. The sound will 
occur at the beginning of each piston stroke. 

The crank-shaft may have worked out of align¬ 
ment with the connecting-rod, so that a side-thrust 
is given to it and the fly-wheel, causing them to 
knock against the crank-case bearing at each rev¬ 
olution. Packing behind one of the crank-case 
brasses must be introduced to true up the shaft. 

It is possible that the crank-pin is bent out of 
true with the connecting-rod. This would cause 
a knock of the rod against the crank-pin bearings 
similar to the foregoing. It is hard to make sure 
of this condition, but if no other seems to be present, 
it is well to experiment with a little packing till 
mechanical diagnosis can be had. 

II. “ Barking ,” or Explosions in the Muffler .— 
These are easily recognized and are due to un¬ 
burnt or partially burnt gases, usually of a previ¬ 
ous misfire, being ignited in the muffler by the next 
accession of hot exhaust-gas. 
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The lift of the exhaust-valve may be advanced 
too far, so that the exhaust enters the muffler at too 
high a temperature and pressure, or the mixture 
may be too rich, containing enough unburnt hydro¬ 
carbons to ignite in the air of the muffler. Practise 
running with as little gasoline as will give full 
power, till you learn the point giving greatest ef¬ 
ficiency with least noise. 

Explosions in the silencer may be caused by 
a retarding of the ignition so far that it is not 
complete when the exhaust-valve has opened. This 
will soon result in a broken valve or stem. 

Governing by lifting and holding open the ex¬ 
haust-valve is a fruitful source of silencer ex¬ 
plosions. 

III. Misfire .—The most common cause of such 
noises is the escape of unburnt gases due to a pre¬ 
vious misfire. You will learn to detect by ear a 
misfire in any of the cylinders. It may be due 
to some trouble with the ignition system. Suspect 
a weak or exhausted battery and test with your 
voltmeter, which should not read less than 3.4. 
Switch over to your spare battery, and if this does 
not cure it, suspect a loose connection in the cir¬ 
cuit. If you are on the road and have a spare set 
of wires, it may be quickest to connect these up at 
once, making sure that each post binds well on the 
platinum tips. If this fails, there may be a break¬ 
down in the coil, or an intermittent leakage over 
the high-tension wire, varying as it is swung by 
the motion of the car. Usually, in the above cases, 

240 


HOW TO CARE FOR AN AUTOMOBILE 


the misfire occurs whenever the car is jolted. If 
you can not get at the trouble, you will have to 
drive carefully till you get home and then give the 
ignition a thorough overhauling. 

If the misfire occurs when the spark is advanced, 
the spark-plug points may he too far apart; or the 
“ make ” of the primary circuit may be too short 
previous to breaking; or the trembler does not vi¬ 
brate fast enough; or there may he oil and dirt on 
the contact-breaker, causing too slow a “ break.” 

Misfires may be due to flooding of the car¬ 
bureter caused by jolting. Admit more air, if ap¬ 
paratus provides for this. There may be water 
in the carbureter, due to condensation from cold. 
Look after the temperature of the carbureter, espe¬ 
cially in freezing weather. 

A broken admission-valve spring or a bit of 
dirt in some supply-pipe are not uncommon causes 
of misfires. 

IV. Hissing .—This is generally due to leakage 
during compression. First test the joint between 
spark-plug and cylinder by squirting a little paraf¬ 
fin around it and having some one crank the motor 
against compression (with the ignition discon¬ 
nected) while you watch for bubbles. If there are 
any joints in the cylinder-head, treat them in the 
same way. If these joints show no leakage, clean 
the valves. If these do not then fit perfectly, they 
should be ground (see VI). If the leak is in neither 
joints nor valves, look after the piston-rings. Be 
sure that the notches of the rings are not in line. 
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(See Fig. 127.) If they are, turn them so that they 
will be as far from each other as possible. 

The cylinder wall may be scored and scratched 
through neglect of lubrication or from dirt get¬ 
ting in. The cylinder will then have to be ground 
and new rings fitted. These should be slipped to 
their grooves over two or three pieces of thin, 
smooth cardboard, placed at inter¬ 
vals against the side of the piston. 
The slipping must be done very 
evenly and patiently, so as not to 
break the rings. When fitting new 
rings, rub red lead, mixed with oil, 
over the entire piston-sweep of the 
Fig. 127.— Incorrect cylinder wall and insert the piston • 
Position for Pis- with its new rings. Draw out the 
piston and file down (a very little 
at a time) the parts of the rings which rub hardest 
as shown by the red lead. Finish the adjustment 
by rubbing with emery-paper. 

V. Sharp Spitting or Cracking .—This occurs 
when there is a leakage during the explosion-stroke 
due to loose piston-rings or valves. Test your 
cylinders frequently for compression by means of 
one of the small pressure-gauges made to screw 
into the aperture for the spark-plug. 

VI. The Slight Snap of the Inlet Valve .—This 
sound indicates that the valve is working properly. 
Its absence reveals the fact that the valve is stuck, 
or for some other reason does not close. If your 
inlet valve is atmospherically actuated, you may 
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carry an extra valve with seat and spring com¬ 
plete. In case of trouble you can then screw in 
the spare and determine at once if the old valve 
was at fault, leaving it to be adjusted at home. 

To test a valve for leakage, fill the recess 
R (Fig. 128) with gasoline. If this leaks out at 
the face of the valve F, the seat is not true. To 
grind the valve, you must rotate it on its seat with 
a screw-driver, introducing between the mushroom 
and the seat a thin paste of fine pumice and oil, 
paraffin, or gasoline. If the 
valve is ground on the cylin¬ 
der, plug the entrance below 
it with waste, so as to prevent 
any paste getting into the cyl¬ 
inder, and clean up carefully 
before removing the plug. To 



avoid grinding rings in the 
surfaces, lift the valve be¬ 


Fig. 128. —Automatic In¬ 
let Valve and Seat. 


tween turns. An Archimedean screw-driver or a 


bit-brace will make the process less tedious. If you 
do much valve-grinding, a small lathe will be a 
handy addition to your tool-bench. 

Be careful about the lubrication of the tube, T, 
or your valve will stick. If you suspect this, wash 
out tube and valve-seat with gasoline. Do not use 
bad oil or too much oil on the valves. 


The valve-spring may be too weak or too strong. 
New springs are furnished a little too long, so that 
they may be cut down and adjusted by trial and 
error, till the valve shuts properly. The travel of 
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the valve must not be so far that it can not return 
in time, hence the space, E, between the tube, T, 
and the washer must not be too great. 

VII. The Whir if the motor begins to race. 

VIII. The Squeak of any Bearing not Prop¬ 
erly Lubricated. —At starting, see that there is 
plenty of oil in the tank, and that the drop-rate in 
the sight-feeds is correct. Time the drops care¬ 
fully after engine and lubricators are warm. Four 
drops a minute is about right, but the makers of 
the car furnish directions on this point. Give each 
grease-cup about one-eighth turn on starting out. 
If you are obliged to use oil temporarily on a bear¬ 
ing previously lubricated with grease, see that the 
oil flows through, and is not cut off by grease in 
the pipe. It is best to wipe the grease off a bearing 
before using oil on it. 

IX. Rattle. —This indicates that some part is 
working loose, and, because of the importance of 
its detection, no oil-can, tool, spare, brake-band, 
mud-guard, or other part, should be allowed to 
shake around loose on the car. 

X. The Thud of a deflated tire. 

XI. The Stoppage of the Water-pump. —This, 
of course, is an absence of normal sound. If 
the water-pump is chain-driven, the stoppage 
of the chain will, in all probability, first be 
noticed. 

A still higher form of divination, the esoterics 
of which will eventually be mastered by the driver, 
is the “ feel ” of the car. He will differentiate the 
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throb of the motor and the minute vibration of the 
gears from the jumping and swinging caused by 
the road surface, so as to instantly get the “ feel ” 
of (1) a chipped gear-wheel, (2) a weak carriage¬ 
spring, (3) hack-lash in steering-gear, (4) a jump¬ 
ing chain, (5) a flat tire. 

Remedial measures for (1) and (2) must he 
deferred till the car is off the road. Loose chains 
may be taken up by tightening the chain adjust¬ 
ment-nuts, or by taking out one link, if necessary; 
be careful, however, not to get the chains too tight, 
as they then consume too much power. See that 
the master-link which fastens the ends of the chain 
is secure. If one link is wearing faster than the 
others, replace it with a new one. This, of course, 
is not necessarily a road adjustment; a link loose 
in its rivets, or catching on the sprocket-teeth, un¬ 
fortunately is. Be particularly careful about chain 
adjustments, as breakage on a hill or elsewhere may 
render the brake ineffectual. 

The steering-gear is usually provided with 
means of taking up wear. 

The subject of tires is one upon which a whole 
book might be written, and several excellent hand¬ 
books are issued by makers, containing valuable 
hints in addition to special instructions for their 
own tires. Have tires of ample size for the 
weight of your vehicle. If such are not provided 
with your car in the first instance, you will soon 
have an opportunity to replace them, since rela¬ 
tively large tires decrease wear and increase easy 
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running. If you are willing to sacrifice something 
of the latter in the interests of economy, you may 
use mixed tires, placing the solid or cushioned vari¬ 
ety on the rear wheels. If the wheels are not 
parallel when running straight ahead, or if they 
are too nearly parallel in turning, or if the dif¬ 
ferential gear is not properly lubricated, or if there 
is a bent axle, the wear on the treads is excessive. 
Hence, keep running-gear always properly ad¬ 
justed. 

Tires should he stored in a dark, cool, and, 
above all, dry place, where no oil can possibly get 
at them. They should he wrapped in canvas or 
paper, the inner tubes very loosely inflated, just 
enough to prevent kinks. When tubes are carried 
in the car, they should be loosely folded in a rub¬ 
ber bag, plentifully supplied with chalk. No weight 
should be allowed to press upon them. If the sys¬ 
tem of carrying two complete spare tires is adopted, 
a special compartment may be arranged in the 
body. This system will render road repairs rather 
infrequent and save much annoyance, since it is 
easier to change a tube or a cover on the road, 
than to mend a puncture. 

The size of tires required depends upon the 
weight of the car and the power of the motor. The 
following table, based upon careful experiments by 
Michelin et Cie., shows the sizes of their tires re¬ 
quired for various powers and weights of cars. It 
may be taken as fairly typical of general require¬ 
ments : 
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Size or the Tire. 

Maximum Weight 
Borne by the Axle. 

Maximum Power 
of the Motor 
for the Driving-wheels. 

65 mm. 

1,210 lbs. 

7 H.P. 

90 

11 


1,980 “ 

12 “ 

105 

it 

light. 

2,090 “ 

14 “ 

105 

It 

extra strong. 

2,200 “ 

18 “ 

120 

11 

2,640 “ 

Over 18 “ 

65 

<1 

light. 

440 “ 


65 

75 

it 

« 

reenforced. 

light. 

750 “> 

530 “ f 

For front wheels only. 

75 

14 

reenforced. 

750 “ 

4 H.P. 

75 

<1 

extra strong. 

970 “ 

6 “ 

85 

11 

light. 

620 “ 

For front wheels only. 

85 

11 

reenforced. 

970 “ 

5 H.P. 

85 

11 

extra strong. 

1,320 “ 

9 “ 


The car may be weighed upon any platform- 
scales, such as those of the coal-dealer. Have all 
fittings and accessories in the car, all seats occupied, 
all tanks full, and the equivalent of all luggage 
liable to be carried at any time. Run the car on to 
the platform and weigh it as a whole. Then weigh 
the rear part by running the forward wheels off, 
so that the middle of the step is over the end of 
the platform. Back the car till the same point is 
over the other end of the platform, and weigh the 
front part of the car. The two latter weights 
should total up to the first weight, with allowance, 
of say twenty or twenty-five pounds, for error, if 
the weighing has been done correctly. 

The degree of inflation bears a direct relation 
to the weight that tires have to carry, as indicated 
in the following table by Michelin, who states that 
when the car is loaded the tire should flatten about 
f of an inch and never more than 

The amount of flattening can be roughly judged 
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spreading chalk on the air-tube by means of a clean 
rag, till the surface is uniformly soft and slippery. 
Never wash chalk from inside of cover with water, 
but brush it out with a dry brush and remove any 
obstinate particles with wood-alcohol. 

Whatever else the automobilist learns, he must 
become expert in removing and attaching covers 
and tubes on the road, and in repairing punctures in 
both. As the latter operation involves the former, 
both may be described together. In the case of a 
puncture: (1) Jack the wheel well clear of the 



L II. 


Fig. 129.—Positions and Paets op Tiee Secueity-Bolts. 

I. Normal position, nut unscrewed. II. Bolt pushed into tire. 

ground. (2) Turn the wheel round slowly till punc¬ 
ture is located, remove the offending object if it is 
present, and mark the place on the tire with chalk. 
(3) If the mud-guard impedes your movements, it 
will save time to remove it. (4) Remove all exter¬ 
nal parts of the valve, deflating the tire in the proc¬ 
ess. (5) Unscrew the wing-nuts to the ends of the 
bolts without removing the nuts. (6) Push each 
security-bolt toward the inside of the tire till the nut 
touches the rim; this will free all bolts which might 
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possibly stick to the cover. (See Fig. 129.) The 
next operation is (7) freeing the outer (farthest 
from the car) beading of the cover from the rim. 
Levers of different designs are furnished by 



Fig. 130.—Two Kinds op Tire-Levers. 


makers (see Fig. 130), the principle of operation 
being very much the same in all cases. The best 
plan is to use two levers, or even more, inserting 
them a fairly good distance apart. Lubricate the 
points with French chalk. Grasp the top of the 
cover at a point between two bolts, being careful 
to avoid the place where the valve enters the tire. 
Holding the top, press with the palm against the 
side of the cover, and work the lever in slowly until 
it is in the position shown in Fig. 131. Lower the 



Fig. 181.—First Position for In- Fig. 132.—Second Position or 
serting Lever to Remove Lever in Removing Cover. 
Outer Cover. 

lever and carefully work it in until it reaches the 
opposite side, as shown in Fig. 132, using both 
hands if necessary; or, use two levers at the same 
point, until one has reached the opposite edge. 
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Care must be exercised that the tube is not nipped 
by the lever or jammed against the rim. Insert the 
second lever in the same way. Then, taking a 
lever in either hand, as shown in Fig. 133, bring 
them downward together, when the bead should 
slip over the rim, as shown in Fig. 134. If it does 
not, there is too much space between the levers. 
Bring them closer together and try again. If the 
beading slips back again as fast as it is pried out, 



Fig. 133.— First Position of Fig. 134.—Second Position of 
Levers in Removing Cover. Levers in Removing Cover. 


then there is not enough space between the levers. 
If the bead comes out correctly, pull out one of 
the levers, being careful to hold it in the position 
shown in Fig. 134, and insert it about six inches 
beyond the other lever, lowering it as before, pry¬ 
ing over a fresh portion of the bead, when the lever 
that was left in will drop to the ground. Go round 
the tire in this way until the edge is all over the 
rim. 

To (8) remove the air-tube, take hold of the 
free edge of the cover opposite the valve, with the 
fingers extended inside the cover, holding it open; 
pull out the air-tube gently with the other hand, 
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going round the whole length of the tire. If the 
tube sticks to the cover, hold it very close and 
pull carefully, working in both directions toward 
the air-valve till the tube is all out except at 
this point. Holding the tube, insert the forked 



Fig. 135. —The Forked Levee. Fig. 136. — Manner of Using 

Forked Levee to Remove 
Inner Tdbe. 


lever (Fig. 135), as shown in Fig. 136, until the 
bead is supported by points A and B of the lever. 
Lower the lever, as shown in Fig. 136, until the 
points roll into the rim. Reach in, with the other 
hand, and lift the valve from the rim, when the tube 
will be finally detached and should come free. 

You should now carefully examine the inside 
of the cover to make sure that the object which 
caused the puncture has not worked through; pass 
the hand all around the inside, feeling for any 
projections or roughness. If you have an extra 
tube, the simplest way will be now to insert it in 
the manner shortly to be described; that is, pro¬ 
vided cover can be patched without removing it 
from the rim, and reenforced by lacing on one 
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of the temporary bands for this purpose. (See 
Fig. 137.) 

If it is necessary to repair the air-tube on the 
road, and you are not sure of the location of the 
puncture, it will be necessary to slightly inflate 
the tube; and if you then can not discover where 
air is escaping, you will have to fill your canvas 
bucket with soapy water, immerse various parts 
of the tube, and look for bubbles. When a puncture 
is found, mark it, deflate and dry the tube. Choose 
a patch to cover the damaged place to the distance 
of an inch or more all around; spread the tube on 
a clean, flat surface, and rub the area where patch is 
to be applied with a file-card until the surface is 
quite rough and clean. Spread solution on tube and 
on side of patch to be applied, waiting usually about 



Fiq. 137. —Temporary Band Laced oyer Coyer to Protect 
Weak Spot. 

ten minutes, or until both have dried to the point 
where your fingers will adhere firmly when pressed 
against them. Then press patch firmly on, seeing 
that edges adhere properly. It is even better to 
apply two patches, one above the other, the outer 
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one being of somewhat thicker rubber, and to give 
the surface of the tube and the surfaces of the 
inner patch two or even three coatings of solution, 
allowing each to dry before applying the next. 

Replacing the air-tuhe requires more care than 
removing it, and the operation must not be hurried. 
Begin at the valve. Insert a forked lever so that 
the valve-hole will be exactly between its two 
branches. Holding the air-tube with the other hand, 
as shown in Fig. 138, bring down lever to position 
shown in Fig. 136, and introduce the valve into 



Fig. 138. —Manner of Inserting Tube by Means of the 
Forked Lever. 

the hole, inserting the portion of the tube around 
the valve under the bead. Let the bead gently 
down, and take out lever while drawing the cover 
toward you with the hand. Place the air-tube 
evenly round the cover, lifting the free edge of 
the cover with one hand, holding the tube at the 
top between thumb and fingers, pushing it well 
down inside the cover, working in both directions 
from the valve at intervals of about ten inches. 
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Be careful not to stretch the tube, but draw gently 
from the portion already in place. The deflated 
tube will seem too large for the cover, and it may 



i. n. m. 

Fig. 139.—Three Ways in which the Tube may get Nipped. 

I. Between the bead and the rim. II. Between the bead and the 
bolt. III. Between the bead and the Yalve. 

he necessary to fold it loosely in some places, in 
order to get it in. Be sure that it is not twisted 
or bunched in one part and stretched in another. 
Having got the tube in all around, screw on the 
valve connections and inflate very slightly. Slip 
the hand between rim and tube to place it evenly 
and to smooth out any creases that may exist. 

The chief danger that now confronts you is 



Fig. 140.—Wrong Position of Fig. 141. — First Position of 
Lever in Replacing Cover. Lever in Replacing Cover. 

nipping the tube between the edge of the cover 
and the rim, or the bolt. Fig. 139 shows three 
different ways in which the tube may get nipped. 
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This is sure to cause an irreparable burst sooner 
or later. To get the beading back in the rim, 
insert a lever about an inch over the rim. Do 
not get it in too far, as shown in Fig. 140, or it 
will be certain to nip the tube. The lever should 



Fio. 143.— Final Position of Fig. 143. —Wrong Position of 
Levers in Replacing Cover. Bead in Replacing Cover. 

just rest upon the edge of the rim, so that it can be 
lifted into the position shown in Fig. 141. Begin- 
with one lever about four inches on one side of 
the valve, then, holding it in position, with one hand 
introduce the second lever the same distance on 
* the other side of the valve, lifting it when you have 
it in, bringing the eight inches of beading between 
the levers into the position shown in Fig. 142. 
When you have done so, remove one lever and, still 
holding the other, of course changing hands, insert 
the free lever as before and lift it to bring another 
portion of the bead in place. Fit the edge all 
around, working from both sides of the valve. 
When about two or three feet are fitted, push back 
the valve into the tire, at the same time pressing 
with the thin side of the lever upon the bead, so 
as to force it into the clinch of the rim near the 
valve. As soon as it begins to get fixed, seize the 
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top of the cover with both hands, and pulling the 
cover toward you, push the bead into the clinch 
with your thumbs. There may be a tendency of the 
bead to get into the position shown in Fig. 143. 
Ease it gently by moving the lever from right to 
left, when, if it will not slip into place, the lever 
must be withdrawn, the part first placed in posi¬ 
tion taken back, and the operation repeated. If 
the cover is very recalcitrant, a notched lever may 
be employed to guide it into position, as shown in 
Fig. 144. Be careful that the lever does not slip 
in this operation, and also in fitting the last por¬ 
tion of the tire, where the work must he carried 
on by lengths of three or four inches at a time. 
During the fitting, whenever a bolt is reached, it 
must be pushed in so that the bead may pass under 
it and not get caught, as shown in Fig. 139. The 



Fig. 144.—Manner of Using Notched and Flat Levers 

TOGETHER TO REPLACE COVER. 


bead must be entirely hidden by the edge of the 
rim when the adjustment is complete. If the rim 
has been damaged, so that the bead can not be com¬ 
pletely forced in, you will have to lace a band 
or gaiter over the place, inflate the tire as little 
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as possible, and drive slowly to the nearest wheel¬ 
wright. When the cover is all on, see that the bolts 
do not nip the tube by pressing them in all around, 
when they should return slowly into position, under 
pressure of the air-tube. If the bolt is particularly 
hard to press in and comes back quickly, it is prob¬ 
ably caught hy the bead, as shown in Fig. 145. 

A roadside repair to a cover can usually be ex¬ 
ecuted without removing it entirely from the rim. 
With the tire open wide, a patch of leather should 
be cemented over one of cloth, with care not to use 



Pig. 145. —Bead Caught by Fig. 146. —Manner of Inserting Lev- 
the Bolt. er to Remove Cover Entirely. 

too much solution and to let it dry till tacky before 
applying the patches. If the cut is a very bad one, 
it is advisable to apply one of the special plasters 
sold for the purpose, to the inside, in addition to 
the external patches. In either case a laced gaiter 
or other bandage should be put on the weak place 
to protect it from sand and grit working in. If 
the cut is near the rim, a rubber wedge or protector 
should be interposed between the cover and the 
bandage to cause the latter to bind. Inflate 
slightly, say about fifteen pounds’ pressure, before 
lacing on gaiter, and then inflate full. A very 
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bad tear or gash, after you have done your best 
with it and driven slowly to the nearest shoemaker’s 
or harness shop, may be stitched up very credit¬ 
ably, so as to give you additional mileage with the 
aid of careful patches. Insist on the stitches being 
sunk well in the rubber, and place a patch over 
them on the inside to keep them off the tube. This 
and all patches on the cover should be liberally 
anointed with French chalk. 

To remove the cover entirely, draw the free 
bead toward you and insert the lever till you get 
it in position shown in Fig. 146; then work round 
the wheel in this way till the cover is all free. Be¬ 
fore removing the cover the security-bolts must 
be taken out, one by one, and laid carefully aside, 
with their nuts screwed a little way on them. The 
air-tube and valve must of course be removed, as 
already described, before attempting to take off the 
cover altogether. In refitting the cover, where the 
beads are of different diameters, remember that 
the larger one goes on first in the clinch nearest the 
car. Begin opposite the valve-hole and, with the 
bead farthest from you all over the rim, shove it 
into the clinch with one hand while you hold the 
cover with the other. When you get it well started, 
pry it home with the lever, inserting the edge of 
this underneath the bead from the inside, working 
always away from you. Do not let the outer bead 
slip into the rim at any point while fitting the inner. 
Next replace the security-bolts, lifting the outer 
rim with the notched lever for the purpose. Make 
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sure that the covers of the bolts, if any, are 
smooth before inserting the air-tube. If the tread 
becomes slightly detached from the cover on the 
road, it will have to be bandaged till you get home, 
and then carefully cemented with two coats of 
solution, after being cleaned with glass paper in 
the usual way. It must then be bandaged and the 
tire inflated, so that it may be left under pressure 
till thoroughly dry and firm at the edges. 

Never run with deflated tires. Doing so for 
even the shortest distance will almost inevitably 
ruin both cover and air-tube. It is best always 
to carry at least one spare air-tube as insurance 
against the necessity of so running. 

To test the tire-valve for leakage, turn it up 
with outer end pointing to the ground, and im¬ 
merse it in a glass of soapy or plain water; watch 
for bubbles. 

Keep new tires out of the light as much as 
possible. 

Never wash tires with a large quantity of water. 
Wipe off mud and dirt with a cloth or sponge 
well wrung out. It is best to remove mud after 
each trip, especially near the rims. When wash¬ 
ing the car, have tires well inflated and wing- and 
valve-nuts tightly screwed up. 

Use large tires; it will cost less in the end. 

Probe all cuts on the cover after a trip to ascer¬ 
tain how deep they are and whether they necessitate 
the tire being sent away for repair. Clean all dirt 
and sand out of cuts as soon as possible. 
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Use repaired tubes and covers on front wheels 
wherever possible, as they are there subjected to 
less strain, and can he watched more easily in 
driving. 

The extent to which the care of the car may 
be carried by activities in the home work-shop 
will depend more or less upon taste and circum¬ 
stances. Some of the adjustments which must nec¬ 
essarily be made here are indicated in the pre¬ 
ceding paragraphs, and the automobilist who is 
his own driver will hardly be able to escape these. 
Among additional tasks may be noted the thorough 
cleaning of the motor-cylinders, at least once a 
season, and the operation should extend to the ex¬ 
haust-pipe and muffler. These must all be taken 
apart and incrustations scraped out. It is a good 
plan to pour a little gasoline or kerosene into the 
cylinders occasionally, and to crank the motor until 
this has worked through and cleaned the cylinder 
walls and piston-rings. This should be done in 
conjunction with cleaning the crank-case, the drain- 
cocks of which should then he left open for an 
hour to insure the removal of the kerosene before 
again applying the usual lubricant. A tablespoon¬ 
ful of prepared graphite for gasoline motor-cyl¬ 
inders to every gallon of cylinder oil will help 
maintain a smooth contact and good compression. 

A clutch, when new especially, will probably 
need considerable attention. The engagement at 
first will tend to be too fierce. Wear and lubrica¬ 
tion of the leather will overcome this, and may, 

263 



THE BOOK OF THE AUTOMOBILE 

perhaps, cause the opposite fault of slipping. 
Do not use rosin in such a case. A little flower of 
sulfur or fullers’ earth is good, and a first-class 
belt dressing still better. Should the clutch seize 
or bind, so that it can not be thrown out by ordinary 
means, ignition should be switched off instantly 
and the car brought to a standstill, but not too 
suddenly. The clutch may then be shaken out 
by pushing the whole car backward and forward, 
with the high gear engaged. Be careful to let in 
a new clutch very gently. When washing the 
carriage, let the clutch in so as to protect its surface 
from water. Some cars make provisions for easy 
adjustment of new clutch-leather. Where this is 
not the case, the operation is so tedious that it is, 
perhaps, best left to the mechanic. 

The accumulator or storage-battery of the ig¬ 
nition circuit demands frequent attention. The acid 
solution should always cover the tops of the plates 
by at least a quarter of an inch. Loss by spilling 
must be made up with fresh solution, mixed in a 
glazed stone vessel, in proportions of about one of 
acid to six of water. The acid must be slowly 
added to the water, stirring with a glass or rubber 
rod. Where the loss is simply from evaporation, 
fill up to the proper measure with distilled water. 
Test the specific gravity of the solution frequently 
with hydrometer, and if too low, add fresh solution, 
removing some of the old by means of a rubber 
bulb; if too high, simply add distilled water. The 
points with which you must be familiar regarding 
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your accumulators are: (1) Which is the positive 
te rmin al. This is usually marked (+), and may be 
recognized from the chocolate-color of the plate. 
Pole-finding paper is also useful, especially on tour, 
for detecting an alternating current, both poles of 
which will redden the paper equally, but' more 
slowly, than the negative pole of a direct current. 
(2) Whether the cell is charged or discharged. 
New cells should be put on charge immediately after 
covering the plates with solution. Remove the vent- 
plugs from each cell, while charging, to allow the 
escape of gas, and do not bring a flame near these 
openings. When the charge is nearly complete, 
a minute boiling will take place in the liquid, giving 
it a milky appearance. Continue charging about 
twenty minutes. Longer than this would over¬ 
charge the cells, which tends to loosen the paste. 
The best way to test, however, is by taking the 
voltage by means of a pocket-voltmeter, connected 
to the poles of the accumulator-cells while char¬ 
ging. If a battery is to remain idle, it should 
be charged fully and recharged at least once a week, 
enough to make it gas freely, or else discharged 
and filled with plain water. When the voltage of 
a battery falls below 1.7, it should be used no longer, 
but immediately recharged. If allowed to stand, it 
will deteriorate. (3) Whether the battery is short- 
circuited. This may occur in the external wires of 
the ignition system, or in the contact-breaker. If 
the battery runs down rapidly without being used, 
an internal short circuit, due to paste dropping out 
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of the positive plates and getting between the plates, 
may be suspected. Never probe into the cell with 
any metal, as this itself may short-circuit the bat¬ 
tery or deteriorate the solution. Use glass or rub¬ 
ber. Never test an accumulator by causing a spark 
to pass between the terminals, as this is a short 
circuit and will ruin the cell. 

A battery may be charged from a continuous- 
current electric-light circuit. The ordinary tum¬ 
bler-switch may be employed, by turning it on and 
being careful to keep it turned on during the char¬ 
ging, finding the negative pole by means of mois¬ 
tened pole-finding paper, which will turn red in con¬ 
tact with it. Connect this pole to the negative pole 
of the battery and the positive terminal to the posi¬ 
tive pole. The charging-rate given by the makers 
should not be exceeded, and if no ammeter and 
rheostat are at hand, lamps may be used, remem¬ 
bering that a 16-candle-power, 110-volt continuous 
lamp consumes, approximately, half an ampere. 
Six lamps, 16 candle-power, coupled in parallel, or 
three 32-candle-power lamps, will give a current of 
three amperes, which is about right for a 20-ampere- 
hour battery. Charging with the tumbler-switch 
is slow, the best way being to find the terminals of 
the fuse at the fuse-board controlling a cluster of 
lamps, cutting out all but the requisite number 
of lamps to give the current of desired amperage. 

Chains should be taken off periodically, the 
links and rivet-holes examined, and new parts fitted, 
if necessary, and the chain boiled a short time in 
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mutton-fat. The excess should be thoroughly 
wiped off. With enclosed chains, it will probably 
be sufficient to rub the chain well with a thin paste 
of graphite and alcohol; the object in both cases 
being to get the lubricant into the crevices in a 
congealed state, to the exclusion of grit. 

It may be necessary, in supplying a new gear, 
to time the engine, that is, to adjust the operation 
of the half-time shaft carrying cams which actuate 
the ignition, exhaust, etc. This adjustment is one 
of considerable delicacy, and usually full instruc¬ 
tions are furnished by the makers of the car. No 
attempt should be made to run until such adjust¬ 
ment has been thoroughly tested, and is found to 
be correct. 

Damp and moisture must be rigorously ex¬ 
cluded from the ignition system. Allow no loose 
fringe of insulation at the wire terminals, which 
may collect moisture. Cut this away and dip the 
terminals in paraffin, removing sufficient to secure 
contact at the binding-posts. The better method 
is to enclose all posts and terminals in rubber 
sheathing, overlapping the wire insulation. 

The most fruitful source of breakdown is the 
ignition system; next come tires; third, pumps and 
water circulation; then chains; and then the car¬ 
bureter. • 

Lamps should receive frequent attention, the 
air-holes being kept clear of charred wick and other 
stoppages. In acetylene-lamps, the washing out 
of all residue in the generator should not be neg- 
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lected. Brass lamps, if their care becomes too 
onerous, may be bronzed as follows: 


Bronzing Brass by Immersion in the Following Solutions 



Water. 

Nitrate of iron. 

Perchlorid of iron. 

Permuriate of iron. 

Nitrate of copper. 

Tersulphid of arsenic. 

Muriate of arsenic. 

Potash solution of sulfur. 

Pearl-ash solution. 

Cyanid of potassium. 

Ferrocyanid of potassium. 

Sulphocyanid of potassium. 

Hyposulfld of soda. 

Nitric acid. 

Oxalic acid. 

Color. 

No. 

pt. 

dr. 

dr. 

pt. 

oz. 

gr. 

oz. 

dr. 

dr. 

oz. 

pt. 

dr. 

dr. 
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oz. 
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Brown and every 

















shade to black. 
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Dark brown. 
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Yellow to red. 
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Orange. 
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Olive-green. 
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Slate. 

12 
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Blue. 

13 

1 
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Steel-gray. 

14 

1 
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Black. 


N. B.—In preparation of No. 5, liquid must be brought to boil and cooled. In 
using No. 18, the neat of the liquid must not be under 180°. No. 6 is slow in action. 
The action of the others is for the most part immediate. 
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CHAPTER XII 


THE AUTOMOBILE IN COMMERCE 

Despite the visual evidence daily before us of 
the extent to which the automobile enters into the 
life of trade, it must be admitted that the self-pro¬ 
pelled vehicle has been comparatively slow in taking 
the place of the draft-horse. Unquestionably there 
still exists much ignorant prejudice which militates 
against the wide-spread adoption of the machine in 
this important sphere. In justice it must he said, 
however, that during the first decade of its ascen¬ 
dency, the car itself has had to assume the burden 
of proof, which is heaviest of all, in an attempt to 
meet the rigid requirements of doing business. The 
workaday world will not brook delays and experi¬ 
ments; its products must be kept moving and its 
engagements fulfilled, barring nothing save “ an 
act of God.” Here the machine had to compete 
with an animal which, for centuries, has held the 
record for simplicity, reliability, and endurance. 
The conquest could hardly be .expected to be an 
easy one in any case, and for the horseless vehicle 
to have made such inroads as it has during its ex¬ 
perimental stage, is only another of the many won- 
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ders which the new invention has introduced into 
modern life. 

Large credit must be given the foresight and 
courage of those real “ captains of industry ” who, 
realizing that the automobile in commerce furnished 
at first only the means for working out a problem, 
nevertheless confidently set themselves to find the 
solution by adopting it. Until the dawn of this 
present century, it must be said that such a course 
called not only for a pioneer, but almost for a pluto¬ 
crat. Take the sphere of the hackney-carriage 
alone, where it is sought to transport individuals in 
cities, to and fro, by means of the electric vehicle 
in competition with the horse. It looks simple 
enough. The machine is not complex, no more than 
the ordinary quality of “ horse-sense ” is required 
in the driver, the roads are the best obtainable, and 
the riding public is naturally predisposed to nov¬ 
elty. The New York Transportation Company was 
one of the first in this apparently lucrative field, 
and they now have one of the most complete and 
efficient equipments in the world, operating success¬ 
fully upward of 500 vehicles for passenger traffic 
alone. Yet the president of the concern freely 
admits that, had they not had sufficient capital to 
enable the business to be run for many years at a 
heavy loss and actually as an experiment, it would 
long ago have been driven to the wall by precisely 
the same conditions that have caused the failure 
of a number of other similar concerns. 

Now, however, the pioneer work of the commer- 
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cial car seems to be pretty well accomplished, and 
the time should be ripe for a rapid and rational 
development of horseless transportation in all lines 
of trade. Indeed, this seems to be apprehended by 
the makers, at least. The movement of established 
automobile manufacturers toward the production 
of the commercial vehicle may be ascribed to two 
causes: First, a natural desire to increase the scope 
of their business, and second, to an unspoken but 
none the less deep-rooted conviction that in a few 
years the supply of vehicles designed for private 
use will have so greatly exceeded the demand as to 
produce a consequent period of depression like that 
in the case of the bicycle a few years ago. Should 
the present rush of automobile production continue; 
this would seem inevitable, and it is a wise precau¬ 
tion on the part of manufacturers to lay the founda¬ 
tions of an industry which will not only tide over 
any temporary depression in the demand for purely 
pleasure-cars, but which, in the nature of things, is 
bound to become of such importance as in time to 
completely overshadow the present development of 
the industry. 

It is, however, impossible that a market for 
commercial vehicles should be created by the 
methods which have increased the business of auto¬ 
mobile manufacture to such proportions in the 
course of the past few years. 

The practical problems to be met and solved in 
the construction of delivery wagons and commer¬ 
cial vehicles generally, namely, of transmission and 
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power adjustment, are almost exactly the same as 
in a pleasure-car, the most important divergence 
being in the design of the running-gear. Reasons 
for failure in the past, in contests and in active serv¬ 
ice, have lain in the fact that designers were not 
sufficiently familiar with the best practise in motor 
construction as well as in transmission; conse¬ 
quently the power plant did not prove reliable. 
While the relative number of prominent manufac¬ 
turers of automobiles at present delivering any 
number of commercial cars is small, it is neverthe¬ 
less encouraging to know that several others, not 
less well known, are quietly experimenting with the 
development of one or more types of this sort of 
vehicle, and that there is a decided increase in the 
number of firms whose efforts will be directed solely 
to the production of delivery wagons or trucks, or 
both. It must be distinctly understood that the 
commercial and pleasure fields are quite distinct. 
In the former, the machines are largely operated 
on well-paved streets or smooth roads and under 
most favorable conditions. When allowance is 
made for disuse during the heavy winter season, 
rainy days, etc., the pleasure-vehicle probably will 
not average more than twenty-five miles a day in 
the course of a year. The commercial vehicle, on 
the contrary, must be operated in all sorts of 
weather, and frequently be driven by employees 
who are either ignorant or careless, and neglect the 
care that the private owner would give to the run¬ 
ning and handling of his car. Therefore the deliv- 
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ery automobile must contend with ignorance and in¬ 
competence ; in other words, must be “ fool-proof.” 

It seems strange, with the rapid development in 
use of automobiles of all sorts for various pur¬ 
poses of traffic, that their feasibility as a means of 
delivering goods, both in the city and adjacent dis¬ 
tricts, has not appealed more strongly to small 
shopkeepers. While it is true that many large de¬ 
partment stores have made use of the commercial 
vehicle, even they have not done so to the extent 
that would seem natural when we consider the in¬ 
crease of trade which might be supposed to follow 
on the heels of a rapid, efficient, and, best of all, 
comparatively inexpensive system of parcel deliv¬ 
ery. Moreover, the smaller establishments, which 
are only able to afford one horse and wagon, find 
more than one daily delivery difficult, if not abso¬ 
lutely impossible. Here the advantage of an auto¬ 
mobile becomes more than ever apparent, since it 
does not need time for meals, it never gets tired, 
and thus can deliver profitably at a distance as well 
as near at hand. The development of the electric 
street-railway service has resulted in such a wide 
distribution of urban and suburban population, that 
the retail merchant finds the delivery of goods a 
problem growing each succeeding year more diffi¬ 
cult of solution. An equipment of from twenty to 
one hundred wagons, frequently necessary for large 
stores to accomplish regular deliveries, is no incon¬ 
siderable item of running expenses. When we con¬ 
sider that many of the medium-sized cities of the 

274 


THE AUTOMOBILE IN COMMERCE 


United States cover an area of thirty square miles, 
with hundreds of miles of streets, and that the aver¬ 
age horse, year in and year out, can not hope to 
accomplish more than twenty miles a day, it will be 
readily seen that the question of regular and eco¬ 
nomical delivery is a very perplexing one. This is 
also true in the wholesale field, since small dealers 
are likewise becoming more widely scattered, en¬ 
tailing rapid increase in the expense of delivering 
goods to them. 

As to the motive power best suited to commer¬ 
cial cars, there is no very definite line of demarca¬ 
tion. Electricity seems to hold the field at present 
in this country both for passenger and freight 
traffic in cities. Abroad, particularly in England, 
the heavy steam-truck is quite extensively used. 
The adaptability of the steam-motor to varying 
loads, and the ease with which its operation and 
maintenance is understood by the average driver, 
make it highly suitable for the purpose. In the 
latter respects, however, it is excelled by the elec¬ 
tric motor, which may he driven almost without 
previous experience. The present scarcity of re¬ 
liable automobile chauffeurs gives an inflated 
value to the services of any one understanding 
the specialized machinery employed. On this ac¬ 
count many concerns have been deterred from 
using steam- and gasoline-trucks because, as soon 
as their drivers became sufficiently expert, they 
secured positions as private chauffeurs, necessi¬ 
tating the constant breaking in of green drivers. 
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The steam-truck is particularly unsuited to any 
form of traffic where many stops and long waits are 
involved, since its fire- and boiler-pressure require 
constant watching. The gasoline-machine is supe¬ 
rior in this respect, and the electric obviously pre¬ 
eminent. The steam-motor might be expected to 
prove its special value in relatively long hauls, but 
so far, in this country, it has not had much oppor¬ 
tunity to show what it can do in this respect. In 
commerce, as in pleasure-touring, the automobile is 
still seriously hampered by the need of good roads 
and by the grudging way in which a moiety of the 
road has been accorded it. “When we consider the 
possibilities of the open road as an avenue of traffic 
for merchandise which it does not now pay the rail¬ 
roads to handle promptly or to handle at all, we 
may safely predict that the future influence of the 
automobile on commerce will be little short of revo¬ 
lutionary. There is no good reason at the present 
time why small freight can not be collected from 
the door-step, hauled a hundred miles, and delivered 
to the consignee direct from the same wagon. 
Already there are signs that a sudden awakening 
to this fact is imminent, and when it comes a greater 
impetus will be given to the automobile industry 
than can now be realized. 

Already so many and varied are the applications 
of the automobile to commercial use, that a com¬ 
plete survey of the field is impossible in brief com¬ 
pass. In passenger transportation the automobile 
was preempted, at the start, by the already wide 
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ramifications of the urban and suburban trolley. 
Yet even here is has met with success. In cities of 
any size the self-propelled omnibus using steam, 
electricity, or gasoline is now a common sight, while 
several trackless trolleys are in serious operation 
at Monte Carlo and several German cities abroad, 
and at Scranton, Pa., in this country. In isolated 
districts the old stage lines have in some instances 
yielded to the new invention, and are hound to dis¬ 
appear as completely as has the horse-drawn street¬ 
car of our forefathers. One of these routes in the 
Far West covers sixty miles through the roughest 
kind of mountain territory. The establishment of 
local automobile liveries where machines may he 
hired without incurring the burden of their care, 
or even their running, is an increasingly profitable 
business. The rural commercial traveler finds the 
car of inestimable service in increasing his mileage 
per day and his independence of the railroads. 
The day may not be far distant when the traveling 
public will prefer the automobile for short dis¬ 
tances ; for when unnecessary speed restrictions are 
removed from our roads the car will furnish all 
the delights without any of the disadvantages of the 
old coaching days for which we all occasionally 
sigh. 

The City Council of Vienna, Austria, early in 
1905 voted to equip the fire department with elec¬ 
trically propelled hose- and ladder-wagons instead 
of the fifty-three horse-drawn vehicles now in use. 
The saving in cost and maintenance thus effected is 

277 



THE BOOK OF THE AUTOMOBILE 


calculated to pay for the new equipment within 
eight years. A considerable number of foreign 
cities have already adopted horseless fire equip¬ 
ments, and some of our own cities are experiment¬ 
ing with them. 

The German Government is reported to be plan¬ 
ning the extensive employment of automobiles in 
connection with the Imperial mail service and the 
Government railroads, including the delivery of 
freight and express goods in country districts. 
At Speyer, Germany, a combined mail and omnibus 
service has been in successful operation for the past 
six years over a very long route. Communication 
between small towns in this manner has been estab¬ 
lished in Porto Rico over a distance of fifty-two 
miles, in Algiers, and even in Madagascar. It 
seems that the automobile should be particularly 
useful in the distribution of mail in large cities. 
Berlin has a number of gasoline-motor tricycles in 
use for this purpose, and Paris employs upward of 
fifty electric wagons of a type which has been 
adopted as the standard equipment of the depart¬ 
ment. The Russian Government has been experi¬ 
menting with gasoline mail wagons at Odessa, and 
the Austrian army in Bosnia employs a similar 
vehicle as a sort of postal diligence. Post-offices in 
some of the larger American cities have employed 
the automobile experimentally, with encouraging 
results. 

Gasoline automobiles are employed to a consid¬ 
erable extent as auxiliaries in railroad work, for 
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inspection-cars, and in general where it is desired 
to get quickly over the line at less expense than 
would be involved in the use of a pilot-engine or 
special car. Such automobiles are being used to 
pick up men from shunted cars in yard work, doing 
this more quickly and at great saving of time to 
the yard engine. 

One of the most remarkable displacements of 
four-footed beasts by the automobile has taken 
place on the desert plains of Nevada, where an 
automobile train of special construction has been 
substituted for the transportation of borax, for¬ 
merly hauled by teams of twenty mules each. 
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THE AUTOMOBILE IN SPORT 

As a companion picture to the automobile deliv¬ 
ering packages from door to door, we may catch a 
glimpse of it as it flashes by on some carefully 
selected course, making world’s records for speed, 
with its time electrically determined in the presence 
of a myriad enthusiasts. Considerations of the 
economic value of sport in national life are useful 
on a rainy day for the purpose of killing time, hut 
are not much entered into by the watcher of a mod¬ 
ern automobile race, and not at all by the racers 
themselves, whose nerves and mentality are taxed 
to their utmost. Nor will the average man be much 
inclined to abstract reflections when he observes 
how the automobile itself has been annihilating 
time during the past ten years. The first officially 
recorded time in a modern automobile meet is that 
of M. Levassor, who, in a car driven by a 3| H. P. 
Daimler motor, finished the Paris-Bordeaux race 
of 1895, a distance of 1,200 km., in 48 h. 47 m.; 
average speed, 24.5 km. per hour, or about 15 
miles per hour for about 745 miles. The world’s 
record for 1895 for 100 miles, made by H. W. 
Fletcher, of New York, at the Ormond-Daytona 
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meet in Florida, with an 80 H. P. de Dietrich car, is 
1 h. 18 m. 24 s.; an average of 75 miles per hour. 
At this same Florida meet the world’s record, 21§ 
s. for one kilometer, made by Baras at Ostend, was 
undoubtedly lowered by Henry L. Bowden and his 
120 H. P. Mercedes, which was timed unofficially 
for one mile at 32£ s. So great is the fascination 
of speed, that any organized sport for its supreme 
manifestation is hound to work out its own salva¬ 
tion, no matter what the cautious may say. The 
fact that it must have cost Mr. Bowden over $50,000 
to make this unofficial record, seems of little mo¬ 
ment to the public or to the sportsman in the face 
of the record itself. Nor is it of any moment, pro¬ 
vided the record was worth making. There are 
those who advance the opinion that the limits of 
sport have been reached in the racing of automo¬ 
biles. But there is no real limit to sport, a fact 
evidenced by the steady increase of interest as the 
conditions of racing have become more and more 
highly organized. If there is a limit, it must he one 
of utility. It is true that a comparison between the 
earlier and the present conditions is very much like 
that between the manner of conducting college ath¬ 
letics now and in the days of our fathers. The 
old teams were good for the individual, the mod¬ 
ern team is good for the college. The early auto¬ 
mobile trials were over roads and under circum¬ 
stances more likely to confront the average driver; 
consequently they demonstrated many valuable 
things and gave to a new industry an impetus of 
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exactly the kind it required, by inspiring confi¬ 
dence in an unfamiliar means of locomotion and 
proving its rudimentary capabilities. The modern 
race also demonstrates what the automobile is 
capable of, considered purely as a mighty mechan¬ 
ism calling for the highest qualities of human 
nerve, skill, and judgment to control it. Such 
demonstrations must necessarily react just as 
keenly, though apparently more indirectly, upon the 
individual and the industry. Those who hold that 
“’t were to consider too curiously to consider so,” 
will point out the justly deserved popularity of the 
Mercedes car among average automobilists, and 
will urge that the success of the car in this par¬ 
ticular was not due to racing successes, since the 
Mercedes construction has not been based upon 
achievements of this kind. The Ormond-Daytona 
mile in 32f s., however, was achieved by two 60 
H. P. four-cylinder Mercedes motors, one taken 
from an ordinary car and the other from a launch, 
both working in line, and practically independently, 
on the same crank-shaft, which was made of two 
pieces of nickel steel. Yet, after all, the lesson is 
simply that the Mercedes design is a good one for 
developing power where it is needed, and rendering 
it available for any purpose, of course making due 
allowance for Mr. Bowden’s clever adaptation. 
That the French automobile industry was literally 
born and swaddled in racing is not the sole reason 
for the preeminence hitherto of the French motor 
in the sport; nor does it account fully for the many 
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excellent adaptations of their motors by French 
manufacturers to the every-day needs of the road. 
It is true that the French have paid special atten¬ 
tion to racing construction, and equally true that 
constructors of other nations have been quick to 
avail themselves of any points made manifest by 
rigorous trials of speed and strength. It is in the 
light of the intelligence and sound experience of the 
trained mechanician that the industry advances. 
Freak ears may he built and may attain a tem¬ 
porary prominence in racing events, hut the general 
trend of development in both industry and sport 
will be, as it has been, toward the survival of the 
fittest types and toward their improvement in ac¬ 
cordance with tried principles broad enough to 
cover all the purposes for which an automobile- 
motor may be required. 

Manufacturers have learned much from sport, 
and they will learn much more, provided the regula¬ 
tion of the conditions of trials remains in the hands 
of true sportsmen wise enough and fearless enough 
to insist on contests which really show something. 
This seems likely to be the case, since the fostering 
interest of the various associations of gentlemen 
constituting our clubs is still in the ascendent. 
That the conditions of the modern race, like those 
of the human race, might he improved, no one 
doubts. But the building of racing-cars as prac¬ 
tised to-day, if it had no other use, is invaluable 
to the average automobilist, since it detects and 
eliminates the structural weaknesses of his machine 
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before it reaches him from the hands of reputable 
manufacturers. A race is the most inclusive and 
severe test to which a car can he put. Stresses of 
vibration, statics, dynamics, torsion, are all brought 
into play at once. Laboratory tests of materials 
are valuable, but they can not compete in value with 
the final trial of the driver, who proves whether the 
metals employed are satisfactory for the work to 
be done. 

That manufacturers find these contests of value 
in interesting the general purchaser, can not be 
doubted, from the sums spent by them in the effort 
to put a winning car in the field. One French con¬ 
cern, whose car won an important race in 1904, 
found themselves at the beginning of 1905 over¬ 
whelmed with orders far in excess of their capacity, 
and with their existing cars selling at a premium. 
The advantage to the concern, as stated by the gen¬ 
eral manager, is “ because it has made it possible 
to increase the price of our cars without, however, 
making these prices higher than those of well- 
known competitors.” This shows pretty clearly 
the temper of the automobile-buying public in re¬ 
gard to the economic value of sport. That the in¬ 
terest is of a substantial kind, must be apparent, 
since otherwise it could hardly be profitable for 
makers to undergo the heavy expenses involved. 
In addition to the heavy cost of the specially con¬ 
structed racing-car, ranging from $20,000 to $50,- 
000, there is the entrance fee; for example, $1,000 
in the Gordon Bennett race, or $2,000 in the French 
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THE FREAK KACING-CAK KNOWN AS THE “TEA KETTLE. 


A 20 H. P. steamer in which Louis S. Koss covered a mile in 38 seconds, win¬ 
ning the record for steam-cars at the Ormond-Daytona tournament, January 
26, 1905. 
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WALTER CHRISTIE’S 60 H. P RACER WHICH COMPETED IN 
SEVERAL EVENTS AT THE ORMOND-DAYTONA MEET. 
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Eliminatoires. Chauffeurs are paid all the way 
from $1,000 to $2,000 for driving a car in these 
races, with a bonus of from $4,000 to $8,000 in 
case of victory. 

The construction of the racing-car differs little. 
in principle from that of the ordinary high-powered 
roadster. Considerations of transmission, control, 
silent and easy running, are, however, of minor 
importance, the supreme effort being to render 
directly available as vast a power as possible, upon 
a framework in which lightness and strength are 
combined in such a way that the whole mechanism 
may be hurled through the air in one overmaster¬ 
ing rush. Some idea of the nature of these “ mon¬ 
sters ” may he gained from the table on page 286: 

In general the racing-car should not weigh over 
1,000 kg. (2,204 pounds), or 650 kg. (1,432 pounds) 
for the middle-weight class, when weighed with 
tanks empty and batteries removed. So careful 
ate the tests to which these machines are subjected, 
that it is customary to take a barometer-reading 
as part of the speed test, to determine the capa¬ 
bilities of the car, since the power of the motor may 
fall off a fifth of a second or more when the ba¬ 
rometer is high, due to the slightly decreased 
weight of the explosive charge. The water- and 
fuel-tanks of the track-racer are usually much 
smaller than of the road-racer. Fewer speed- 
gears are provided for the former, in which also 
more attention is paid to wind-resistance by ma¬ 
king the car narrower and seating the driver lower; 
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and in general the track-car is hung lower, to pre¬ 
vent overturning on curves. Special points of con¬ 
struction have been developed in so-called “ beach- 
racers,” which are a still further refinement on the 
ordinary track-car. Disks instead of spokes are 
employed on the wheels to prevent loss of power by 
air-churning, which is often as much as 5 per cent. 

It is not, however, from the performances of the 
specialized racer alone that these contests have their 
value. The more directly valuable results of the 
earlier and simpler contests are still attained in the 
open or free-for-all events, the events restricted to 
amateur drivers, and those in which “ stock-cars ” 
from the ordinary market are alone allowed to 
compete. A glance over the thirty-six events 
planned for the Ormond-Daytona meet of 1905, 
given in Appendix III, will show the scope of one 
of these modern contests. 

The history of automobile-racing is brief 
enough. The two earliest races, that from Paris to 
Rouen in July, 1894, and its offspring from Paris 
to Bordeaux and back, June 11, 1895, have already 
been several times mentioned in these pages. The 
following year, July 24, 1897, the Paris-Dieppe 
race of 106 miles was won by a Panhard car of 
6 H. P.; time, 4 h. 36 m.; average speed, 23.1 m. 
per hour. Two persons were carried on the car. 

Important events which followed were the race 
from Paris to Marseilles and back, 1,061 miles, in 
September, 1896. Two 4 H. P. Panhard cars 
finished nearly together, the time being 67 h. 43 m., 

287 



THE BOOK OF THE AUTOMOBILE 


and 68 h. 11 m. respectively; average speed, 15.65 
and 15.55 m. per hour. Each car carried four 
persons. 

Three important races were run in 1899: (1) 

Nice-Castellane and back, 74.6 miles, 56.6 miles 
being over a hilly course. The weight of the cars 
competing could not be less than 440 pounds. A 
Peugeot 17 H. P. machine completed the course in 
2 h. 53 m.; average time for whole course, 25.8 m. 
per hour; for hilly portion, 23.8 m. per hour. (2) 
Paris-Bordeaux, May 24th, 351 m. covered by a 
Panhard 12 H. P. car, carrying two persons, in 11 
h. 43 m.; average speed, 30 m. per hour. (3) Tour 
de France, 1,440 m., July 16th, won by de Knyff 
in a 16 H. P. Panhard car, in 44 h. 43 m.; average- 
speed, 31.7 m. per hour. Other races during this 
year were the Paris-St. Malo, 226 m., won by 
Antony in a Mors 16 H. P. car, in 7 h. 13 m.; Paris- 
Ostend, 201 m., tied by Levegh in a 16 H. P. Mors, 
and Girardot in a 12 H. P. Panhard; time, 6 h. 11 
m.; average speed, 32.5 m. per hour. 

In 1900 the Circuit du Sud-Ouest, 208 m., was 
won by de Knyff in a 16 H. P. Panhard, in the 
remarkable time of 4 h. 46 m. 57 s.; average, 43.5 m. 
per hour; credited on one stage with 34 m. in 33 m. 
30 s. The Nice-Marseilles race of this year (1900) 
was also won by de Knyff, at an average speed of 
36.6 m. per hour for the 125 m. Levegh, in a Mors, 
won the La Turbie hill-climb, 10.5 m., at 33.1 m. per 
hour; the mile race, at 36.5 m. per hour, and the 
flying kilometer at 46.5 m. per hour. In the Bor- 
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deaux-Perigueux-Bordeaux race he covered the 
195.5 in. in 4 h. 1 m. 45 s.; accomplishing the first 
stage (72 m.) at the rate of 51 m. per hour. 

The first race for the Gordon Bennett Inter¬ 
national Cup was run this year (1900), from Paris 
to Lyons (353f m.), and was wo-n by Charron in 
9 h. 9 m. in a Panhard; average, 38.4 m. per hour. 
In 1901 the Gordon Bennett and the Paris-Bor- 
deaux races were run simultaneously over the same 
course. In the former only one car finished, a 40 
H. P. Panhard, driven by Girardot, 328.1 m., ex¬ 
clusive of controls, in 8 h. 50 m. 59s.; average, 37 
m. per hour. The latter race was won by Fournier 
in a 60 H. P. Mors; time, 6 h. 10 m.; average, 53 
m. per hour. In the Coup de Rothschild flying 
kilometer at Nice the same year, a Serpollet 
steamer made the remarkable time of 354 s., or 62$ 
m. per hour. The La Turbie hill-climb was won 
by Baron de Rothschild’s 35 H. P. Mercedes, 10.5 
m. in 18 m. 6£ s., or 31$ m. per hour. The great 
event of 1901 was the Paris-Berlin race, 749 m., 
covered by Fournier in a 28 H. P. Mors, in 16 h. 
5 m., net time after deducting 8 h. for controls; 
average speed, 46.5 m. per hour over the three days’ 
course. 

Another of these long-distance races was run in 
1902 from Paris to Vienna, June 27th to 29th. The 
616.4 miles were covered by H. Farman in a 70 
H. P. Panhard; total time, 16 h. 0 m. 30£s. The 
Gordon Bennett race was run simultaneously over 
this course, and the trophy won by S. F. Edge in 
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a 60 H. P. Napier car. On July 31st was run the 
Circuit des Ardennes, won by Jarrott in a Pan- 
hard; time for the 318.7 miles, 5 h. 53 m. 39g s. 

A race from Paris to Madrid was begun on May 
24, 1903, but was abandoned at Bordeaux, where 
the first car to arrive was a Mors, driven by Ga¬ 
briel; time, 5 h. 13 m. 31 s. for the 351.4 miles. 
The Gordon Bennett race of this year was run in 
Ireland, and was more truly an international event 
than ever before—England, France, Germany, and 
America being each represented by three cars. C. 
Jenatzy finished first in a Mercedes; time, 6 h. 39 
m. for the 368.43 miles. 

America’s first international road race was 
held October 8, 1904, over the Jericho Road at Gar¬ 
den City, L. I., N. Y., in competition for a cup 
offered by W. K. Vanderbilt, Jr. The total dis¬ 
tance, from-start to finish, was 302.4 m., includ¬ 
ing controls. The distance, exclusive of controls, 
284.4 m., was divided into ten laps. Heath, in a 
90 H. P. Panhard, finished first; total time, exclu¬ 
sive of controls, 5 h. 26 m. 45 s.; including con¬ 
trols, 6 h. 56 m. 45 s.; average speed in net run¬ 
ning time, 52.2 m. per hour, or .87 m. per minute. 
Clement, in a Clement-Bayard car, finished sec¬ 
ond, 4 m. 28 s. behind Heath. A 24 H. P. Pope- 
Toledo touring-car, driven by H. H. Lytle, finished 
third; average speed in net running time, 42.6 m. 
per hour. This car made the most uniform per¬ 
formance in the race, the greatest variation in its 
time for any two rounds being 2 m. 3 s., except in 
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START OF THE 90 H. P. PANHARD. 

Driven by Tart in the Vanderbilt cup race on the Jericho Eoad, Garden 
City, Long Island, N. Y., October 8, 1904. 



AT FULL SPEED. 

Clement in the 80 H. P. Clement car that finished in second place, one 
minute and twenty-eight seconds behind Heath, the winner of the 
Vanderbilt cup race. 
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the seventh round, where half an hour was lost 
because of tire trouble. The fastest round (28.44 
m.) was made by Teste in a 90 H. P. Panhard; 
time, 24 m. 4 s. Cars of American, French, Ger¬ 
man, and Italian manufacture, to the total number 
of eighteen, competed. The first three only had 
finished the tenth round when the race was called 
off. 

The year 1904 marked the first international 
tournament on the Ormond-Daytona beach in Flor¬ 
ida, as well as a number of minor but highly inter¬ 
esting racing events throughout America, in several 
of which world’s track records were made. 

In addition to these speed contests, of equal in¬ 
terest from the standpoints of both sport and indus¬ 
try, are the various road races and trials which 
have followed in the wake of the automobile, both 
here and abroad. The earliest of these in America 
were the Chicago Times-Herald trials of Thanks¬ 
giving Day, 1895, in which six gasoline and two 
electric cars competed. The course of seventy 
miles was through snow a foot deep. A Duryea, a 
Benz, and a Roger car finished first, second, and 
third, respectively. The Cosmopolitan race, from 
City Hall, New York, to Irvington-on-Hudson, a 
distance of 52 m., held on Decoration Day, 1896, 
was also won by Duryea vehicles. The hill-climb¬ 
ing contests held at Charles River Park, Boston, 
in 1897, in which a Stanley steam-car carried off 
the honors, also belong to this early period. 

Two 100-mile non-stop trials were held in 1902; 
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one by the Automobile Club of America, from New 
York to Bridgeport, Conn., in which 55 cars started 
and 28 finished. The other was held by the Long 
Island Automobile Club at Roslyn, Long Island, 
April 26th. Of the 66 cars that started, 37 fin¬ 
ished; fastest time, by the Automotor Company’s 
Keleconn car, 6 h. 20 m. 15 s. A 2,800-foot hill- 
climb, maximum grade 8 per cent, was held at the 
same meet; fastest time on hill, 1 m. 19 s., by a 
Rochet-Schneider 12 to 16 H. P. car; a 3| H. P. 
Locomobile and a 15 H. P. Winton both making the 
distance in 1 m. 42 s. Brake tests were held May 1, 
1902, at New York, and June 24, 1902, at Philadel¬ 
phia, results of which are tabulated in Appendix II. 

An event which opened the eyes of the Ameri¬ 
can public to the long-distance possibilities of the 
automobile was the endurance-run from New York 
to Pittsburg via Cleveland, held under the auspices 
of the National Association of Automobile Manu¬ 
facturers, starting from Weehawken, N. J., October 
7, 1903, under weather conditions which grew stead¬ 
ily worse during the run, and tied up even railroad 
traffic all along the course. Yet the first cars ar¬ 
rived in Pittsburg by noon of October 15th, con¬ 
quering road conditions and obstacles which would 
have been impossible to horse-drawn vehicles. 
Of the 46 cars which started, 10 completed the run 
on schedule time. The first endurance-run to be 
held in America was planned by the Automobile 
Club of America in 1901 from New York to Buf¬ 
falo. Of the 80 cars that started on September 
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9th, 42 reached Rochester, where the run was aban¬ 
doned on account of the death of President Mc¬ 
Kinley. In 1902 the A. C. A. held a 500-mile re¬ 
liability-run, from New York to Boston and return, 
in which 75 cars started and 17 completed the course 
in accordance with the regulations. Endurance- 
runs for stock-machines have been made from time 
to time in all parts of the country. One of the 
most interesting was that from San Francisco 
to New York in August, 1904, in which a 10 H. P. 
Franklin covered the 4,500 miles in less than 33 
days, against the best previous record of 61 days. 
The car covered the distance from San Francisco 
to Ogden (Utah) in 10 days, and from St. Louis 
to New York in 5 days, 21 hours. The course in¬ 
cluded a climb of 7,256 feet over the Sierras, as 
well as a long run over the alkali desert, where the 
temperature was over 100° F. most of the time. 
Important hill-climbing contests have been held 
annually at Eagle Rock, near Orange, N. J., since 
November 27, 1902. On July 12, 1904, a contest 
was held up the side of Mount Washington. 

From the preceding brief and necessarily incom¬ 
plete survey, some idea may be gained of the pro¬ 
portions already assumed by automobilism in the 
sporting world. How rapid the development has 
been, may be indicated by the one fact alone, that 
previous to 1905 there was no attempt made to 
file official records with any recognized body in 
America. This being now done with the Automo¬ 
bile Association, it will be possible in the future to 
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trace the performances of the machine in various 
lines and to compare results with greater facility. 

The Gordon Bennett Cup has become the Blue 
Ribbon of the sport. The contest for it is to be 
held in 1905 over the somewhat difficult Auvergne 
course as a distinct event, the Automobile Club of 
France having abandoned an attempt to combine 
it with their new Grand Prix race. 

Just what the development of high motor 
speeds will lead to, it is, of course, impossible to 
predict. The fastest mile record claimed for any 
railroad does not exceed Mr. Bowden’s mile in 
324 s., yet the latter was made over an accurately 
measured course, timed electrically by six chronom¬ 
eters, all agreeing within one-tenth of a second, 
while railroad records are usually made between 
mile-stones, under methods admitting of a large 
personal equation. A short hurst of speed is me¬ 
chanically the weakest point of the automobile and 
the strongest of the locomotive. Over a carefully 
laid track, with curves and grades calculated to a 
nicety, no railroad schedule exceeds a mile a min¬ 
ute for protracted distances. Against this we may 
set the 100-mile run of Mr. H. W. Fletcher, with an 
80 H. P. machine, made at Ormond, in 78 m. 24 s., 
including seven turns and seven stops and starts. 

An imaginative enthusiast has pointed out that, 
with a speedway such as the Florida beach ex¬ 
tended round the world, the circuit could be made 
in about ten days, were Mr. Bowden’s machine 
capable of exerting its supreme power continu- 
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ously. The world of 1805 had not dreamed of the 
railroad. The railroad of 1850 had not dreamed 
of a mile a minute. The automobile of 1895 
was regarded as a dream itself. The world no 
longer gasps at performances of high speed; it 
thirsts for them, because it has come to realize that 
speed is not necessarily incompatible with safety. 
Nevertheless the limitation of speed upon our 
common roads still remains in a primitive state, 
although any one of average intelligence will admit 
that the real test of danger is the distance in which 
the vehicle can be brought to a stop. In this re¬ 
spect the automobile has proved itself superior to 
both the horse and the locomotive. Whither the 
thirst for speed, the dreams of annihilating space, 
will lead us, no one knows. Certain it is, however, 
that traffic conditions are changing, and will change 
still more in the next quarter century. Whether 
road-building, public temper, and mechanical skill 
will ever enable us to journey to Chicago and back 
in twenty-four hours by automobile, time alone will 
reveal. Enthusiasts are found who think that 
such a feat is within man’s power even now, if he 
would but utilize the means at his disposal. But 
in every sphere of human development it is as bad 
to go too fast as too slow, and the future of the 
automobile will have to be worked out like that of 
any other new force in which the pendulum of 
human effort swings between the marvelous and 
the commonplace. 
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TOURING 

It is in being able to wink “ at ’Omer down the 
road ” and at all other “ ancient landmarks which 
the fathers have set,” that the automobilist realizes 
the beatitude of the exalted horn. He can realize 
it to the full only on the open highway. Here the 
machine is at its best, and sometimes, let us admit, 
at its worst. In either case his mechanical skill 
receives its greatest stimulus and justification. In 
our own wide land the very existence of the road 
is the esthetic raison d’etre of the automobile. 
The quiet country road furnishes the ready avenue 
of escape from the ever-increasing complexities of 
modern life, and unfolds a panorama which soothes 
the spirit and corrects any distorted notions man 
may have conceived about his place in the universe. 
Yet with the car he is lord of the road, mastering its 
limitations at will or yielding to its ancient spell and 
forgetting his new power to “ fare on, the foot-path 
way,” the better to drink the medicine of mother 
earth. It is no wonder that with the vernal quick¬ 
ening of nature, according to Dan Chaucer, “ thanne 
longen folk to goon on pilgrimages ”; the roving in¬ 
stinct is as old as the race, and it is a very prosaic 
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automobilist, indeed, whose pulses do not quicken at 
the thought of being able to travel when and where 
he will, dependent solely on his own resources, yet 
with means to render available as much or as little 
as fancy dictates of the modern inconveniences of 
civilization. On tour, the car, from the purely 
human standpoint, renders the fullest fruition of 
its being. Rightly viewed, the many inventions 
sought out by men in a highly organized state of 
society are but for the purpose of placing more 
readily within his grasp so much of the basic desid¬ 
erata of life as may be useful or pleasant for him. 
The touring-car places at man’s feet so much of 
the simple life of a former age as may be pleasant 
for him, and useful in keeping him a sweet and 
wholesome human creature. 

If we want evidence of the truth of the fore¬ 
going, it is to be found in the universal popularity 
of the high-powered touring-car and in the present 
wide-spread endeavor of makers, by means of spe¬ 
cial designs and fittings, to produce a light car 
capable of sufficient radius to meet the demands of 
the average purchaser. The automobilist who does 
not want a car in which he can tour, no matter what 
else he uses it for, is the exception. 

But the automobilist, once he is minded to take 
to the road, may be safely left to erect his own 
enthusiasms, enjoy his own sensations, and make 
his own “ poetry of motion,” for at first he will be 
confronted by rather more practical considerations. 
Foremost among these is the road itself—that un- 
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explored labyrinth, around every comer of which 
there should be something to set some of his five 
wits a-tingle. Yet the most adventurous and ex¬ 
pectant knight errant of the car will scarcely be 
willing to leave all the surprises of the road to 
chance, lest he be overtaken in an ignition fault or 
a tire trouble, or drive gaily into a veritable slough 
of despond, there to break down entirely with wail¬ 
ing and gnashing of gear-teeth. 

Unfortunately, despite the preparatory crusade 
of the bicycle, there is still more than one road 
“ paved with good intentions.” To be sure, there 
are as fine stretches of road in America as any¬ 
where else in the world; the only trouble is that 
they do not stretch far enough for the auto¬ 
mobile. Some of them start out bravely enough, 
and then, just as the driver is beginning to think 
he will never travel by rail again, they suddenly 
“go to the bad” in a way that impoverishes lan¬ 
guage, and in a State where there is an old blue law 
of arrest for profanity. It must be said, however, 
that the older States are not the worst offenders in 
this respect. If all roads, both shore and inland, 
were as uniformly good and well kept as those in 
New Jersey, the tourist need not complain; nor if 
every State Highway Commission were as active as 
that of Massachusetts, which in one instance is 
spending $50,000 to make good a difficult four-mile 
stretch of road in the Berkshires; or as that of New 
York, which has turned the perfunctory “ publica¬ 
tion and distribution of a compilation of the high- 
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way laws ” into a 500-page book, containing some 
of the most scientific information and practical sug¬ 
gestions on road-building ever published, together 
with addresses on different phases of the road ques¬ 
tion by prominent authorities. 1 The State of New 
York will submit to its voters, in 1905, an amend¬ 
ment to the State Constitution to permit of a $50,- 
000,000 bond issue, the proceeds of which are to 
be devoted to the building of good roads through¬ 
out the State. Pennsylvania has already appro¬ 
priated the sum of $6,500,000 for the same purpose, 
and other States are following in the greatest move¬ 
ments for good roads ever inaugurated in this 
country. There is a bill before Congress to secure 
appropriations to be made available in connection 
with the various State appropriations for the con¬ 
struction of a number of great national highways. 
A fitting and desirable point at which to begin such 
improvements would be the Old Cumberland Road, 
first conceived by Washington, during his Indian 
campaigning of 1752-53, as the great connecting- 
link between the East and West. Albert Gallatin 
also was active in the project, and in 1806 Thomas 
Jefferson appointed a commissioner to report upon 
it, with the result that the first contract for the ten 
miles west of Cumberland, Md., was let in 1811. 
The road was opened to Wheeling, W. Va., in 1818, 
at an average cost of $13,000 per mile. The last 
appropriation was made in 1838, carrying the road 

'Highway Manual of the State of New York. Lyons, N. Y., 
Charles H. Betts, Chief of Revision Department, State Assembly. 
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as far as Vandalia, Ill. There it lies across Penn¬ 
sylvania, Ohio, Indiana, and Illinois, almost to St. 
Louis, having cost the National Government, in all, 
$7,500,000, and only waiting for proper improve¬ 
ments to make it a great artery of automobile traffic 
between Washington and St. Louis, through Co¬ 
lumbus, Dayton, Indianapolis, and Terre Haute. 
And this is but one of the many instances through¬ 
out our country where an enlightened national 
policy, similar to that already adopted in respect to 
rivers and harbors, would quickly work wonders 
for the automobile tourist. It is, of course, urged 
by the rural population that the existing roads are 
good enough for them. But aside from the fact 
that the main burden of taxation is borne by the 
cities desiring to be connected by good roads, the 
more enlightened of the farming class are begin¬ 
ning to realize the direct utility of the automobile 
for themselves, and will soon be even more alive to 
the necessity for good roads than are the tourists. 

It behooves every automobilist, through his local 
club and by keeping in touch with the various good 
roads associations of the country, to align himself 
with the movement. The information so gained 
will more than repay the slight effort and expense 
involved, and no matter how few times he may 
tour, he may have occasion, on any one of them, to 
thank his stars that the users of the car are stand¬ 
ing together in a steady demand for conditions that 
will make its progress throughout the land safe, 
easy, and comfortable. He must be willing to share 
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the duties as well as the privileges of the movement, 
and to make careful notes of road and other condi¬ 
tions whenever on tour he gains, by pleasurable 
experiences or the reverse, information which it 
would have been valuable for him to have before¬ 
hand. 

Apropos of this, let the tourist be warned that 
much of the success of any trip will depend upon 
the care with which it has been planned before start¬ 
ing. Information is often meager enough concern¬ 
ing any district in which it is proposed to tour, 
but the study of routes and the plan of the jour¬ 
ney should be made at home, where there is time 
to think how to avoid undesirable localities, before 
being actually compelled to go through them or go 
back. Sticking a road map into the pocket for ref¬ 
erence en route, and starting out, is not the way to 
get the most out of touring. Nor can much de¬ 
pendence be placed on the information gathered 
from those ready-tongued informers of the road, 
the native inhabitants, who, if they can calculate at 
all, usually calculate distances from the site of their 
own homes, often several miles from the point 
where they are interrogated. 

Comparatively few reliable road maps exist, 
and the tourist should begin to collect and classify 
systematically all of these he can lay hands on. 
The Automobile Club of America has done a great 
deal of good work in issuing reliable route cards 
and maps of desirable tours, and in organizing 
tours over different routes for the purpose of ob- 
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taining exact information of the special kind 
needed by the automobilist. The courtesy of the 
club extends to the answering of any inquiries upon 
which it has data. 1 The tourist and the automo¬ 
bilist in general will find it advantageous to keep 
in touch with the Automobile Association of Amer¬ 
ica, the national organization of the various clubs 
throughout the country, founded at Chicago in 
1902. Its roll includes, January 16, 1905, forty- 
one clubs, aggregating a total individual member¬ 
ship of over 4,000. Its permanent Racing Board 
is the sole recognized authority in the United States 
for automobile-racing; there are also permanent 
committees on Law, Highways, and Touring. The 
objects of the association are stated as follows: 

1, The uniting in one national body the automo¬ 
bile clubs of the country, and through them the in¬ 
dividual automobilists; 2, the promotion and fur¬ 
thering of all matters of a national character in 
which automobilists are interested, as follows: a, 
legislative matters; b, good roads; c, control of 
racing; 3, providing for its members actual bene¬ 
fits as follows: a, reciprocal club privileges; b, a 
bureau which will supply information regarding 
laws, touring routes, maps, racing statistics, etc.; 
c, a medium for the exchange of ideas, and informa¬ 
tion of value to clubs in furthering their promotion 
and usefulness, and of value to individual automo¬ 
bilists. 


1 The club may be addressed through its secretary, Plaza Bank 
Building, New York. 
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the East to St. Louis, besides routes from Boston, 
Baltimore, and Philadelphia, connecting with the 
main highways westward. 

Independently of this tour, hut with the sanction 
of the A. A. A., Mr. F. A. La Roche started from 
New York City, July 25, 1904, on a non-stop run 
to St. Louis and back, going by the northern route 
and returning by the southern over the National 
Road to Wheeling, thence through Pittsburg and 
Philadelphia to New York. The car was a 15 to 
20 H. P. Darracq, and was driven by Mr. La Roche 
and his companion, Mr. A. Le Blanc, alternately. 
Two official observers, Mr. H. H. Everett and Mr. 
N. N. Mason, were appointed by the A. A. A., and 
one or the other of these gentlemen was with the 
car during the entire tour. According to the sworn 
statements of these watchers, the motor was not 
stopped from 9.42 a. m., July 25th, till 11.42 a. m., 
August 9th, on which date the car arrived in New 
York again, having covered, according to the odom¬ 
eter, 3,450f miles, which was somewhat (probably 
200 miles) less than the actual distance covered. 
During the time (two days) the car was in St. Louis 
it was driven by a mechanic, so as to afford Mr. 
La Roche and Mr. Le Blanc some rest; the observ¬ 
ers, however, kept up their watch. The car made 
the entire trip without accident, except that a few 
miles beyond Youngstown, 0., about nine o’clock.at 
night, August 5th, the right-hand front spring 
was broken by the severe fall of the car into a gul- 
ley during a terrific thunder-storm. The tourists 
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were stalled all night on the road, and after making 
repairs and proceeding twenty miles beyond Cham- 
bersburg, Pa., it was discovered that the torsion- 
rod was broken, having been cracked by the fall 
above mentioned. A temporary repair was made, 
and eventually a new rod was substituted when the 
car reached Philadelphia. Special ferry-boats were 
chartered to get the car across to Staten Island and 
thence into New York, as at that time the law, ma¬ 
king it obligatory to stop the motor of all automo¬ 
biles on ferry-boats, had not been repealed. Mr. La 
Roche died suddenly during March, 1905. He was 
an enthusiastic automobilist and a thorough gentle¬ 
man; it is" to be regretted that both the sport and 
the industry have lost so stanch a supporter. After 
the trip he wrote to Mr. Augustus T. Post, then 
chairman of the Touring Committee of the A. A. A., 
as follows: “ The greatest caution was used by 
us in the case of horses, and we showed every re¬ 
gard for pedestrians, teams, domestic animals of 
all kinds, and at no time did we exceed any of the 
speed limits of the cities and States we passed 
through, and it is with great gratification that I 
write to say that we were received in the most pleas¬ 
ant way by all the farmers, and that no hostility 
was shown along the entire route. They were 
always willing to assist us, even at times when we 
had to wake them up in the early hours of the morn¬ 
ing to ask the direction, and we believe we have 
made many friends for the automobile throughout 
the country by our consideration for the public.” 
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Several tours across the American continent 
have been made by individual automohilists, the 
first being that of Dr. H. Nelson Jackson in a 20 
H. P. Winton, starting May 23, 1903, and arriving 
at New York July 26th. Mr. Thomas Fetch, in a 
Packard car, started June 20,1903, from San Fran¬ 
cisco, and arrived in New York August 21st. The 
transcontinental tour of Mr. L. L. Whitman in a 
Franklin car, already alluded to in Chapter XIII, 
and the tour of Mr. George A. Wyman on a motor¬ 
cycle were the transcontinental events of 1904. 
Accounts of these trips, by the gentlemen who made 
them, have been published for free distribution by 
the makers of the cars, and give a fairly good idea 
of the difficulties encountered and how these were 
overcome. The so-called “ standard route ” across 
the continent was practically taken by Mr. Fetch. 
It runs from San Francisco to Sacramento, Cal., 
where the long climb over the Sierra Nevadas 
begins; then, through hundreds of miles of sand 
and sage-brush, the route stretches to Salt Lake 
City, between which and western Nebraska the 
roads run over mountains and high plateaus. 
From here to Chicago the route lies through the soft 
and difficult prairie roads of Iowa and Illinois. 
From Chicago the favorite course is .the northern 
one, along the lakes, as shown on the map facing 
page 302. Mr. Fetch took the most difficult route 
across the Rockies, entering Colorado and reaching 
the highest point of any of the tours across the con¬ 
tinent; namely, on the Continental divide, 11,52(1 
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feet above sea-level. Dr. Jackson took a much more 
northerly route through southeastern Oregon, 
southern Idaho and Wyoming, thereby escaping 
the alkali deserts of Nevada, and finding more 
moderate gradients, but necessitating a somewhat 
longer mileage. Whichever route is taken, there are 
hundreds of miles of steep climbs across the Rock¬ 
ies, the stiffest of which is at the very beginning, 
where, from Sacramento to Summit, Cal., the alti¬ 
tude rises, in a little over 100 miles, from 30 feet 
to 7,018 feet. The 600 miles from Reno to Ogden 
over the shifting sands of the alkali desert, where 
canvas must be spread before the wheels oftentimes 
to secure traction, are the toughest portion of the 
journey. On the northern route only small deserts 
are encountered in Oregon and Idaho. Narrow 
roads and trails often obliterated, must be made 
the best of in crossing the Rockies at any point. 
In southwestern Wyoming there are the Bad Lands 
with deep washes in sand and gravel, where bridges 
are often carried away by some quickly gathering 
storm. Across the Laramie plains of Wyoming 
the roads are very good, but for miles across the 
Nebraska plains washouts called “ buffalo wal¬ 
lows ” make going very slow and difficult. In gen¬ 
eral the high, rough roads of the mountains give 
less trouble than the soft, level stretches across the 
prairies. East of Cheyenne, along the line of the 
U. P. R. R., through Julesburg, Col., and North 
Platte, Neb., the old military road is the best stretch 
east of Sacramento. 
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The transcontinental tours already taken have 
done little more for the average automobilist than 
to spy out the land west of the Missouri. After 
trying some of the stretches in the real West, the 
tourist will find such excellent roads as exist in 
Indiana, for instance, a veritable paradise. Cali¬ 
fornia has some exceedingly good roads, many of 
them oiled with the asphaltic petroleum of the State. 
The route from Los Angeles to San Francisco along 
El Camina Real (the old cart road which runs 
nearly the entire length of the State) is particu¬ 
larly fine. A car in California must be capable of 
mastering gradients more or less formidable, one 
of the steepest in the world being found between 
Gaviota and Santa Ynez, where in fifteen miles 
there is a steady rise from sea-level to 4,000 feet, 
the road dipping again to almost sea-level. 

The importance to the general automobilist of 
individual or organized tours is obvious. Not only 
do they ascertain for him where the good and bad 
roads are, but they collect information of conditions 
along the route of the peculiar kind not found in 
ordinary guide-books. It is important to know the 
location of repair-shops and garages, and what sup¬ 
plies can be obtained at them. The official Blue 
Book of the Automobile Club of America contains 
this information for a considerable number of 
routes east of Chicago, together with the laws of 
various States, so far as they apply to the automo¬ 
bile. Roads are described in detail in accordance 
with an ingenious system, and distances between 
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towns are carefully listed. A similar system is 
employed on the route cards of the A. A. A., which 
proposes to increase rapidly the number of routes 
so described. Where no special automobile maps 
and route information exists, the tourist must fall 
back on the ordinary road maps 1 published for 
various sections, and on the maps of the U. S. Geo¬ 
logical Survey. The reports of the U. S. Depart¬ 
ment of Agriculture also contain information on the 
progress of road-building in various parts of the 
country. 

The tourist can settle in his mind many ques¬ 
tions as to the capabilities of his machine and how 
it is liable to act under the various conditions of 
touring, if he will study the reports of the various 
endurance-runs and reliability-tests which have 
been held. The English Automobile Club held a 
1,000-mile reliability-run in September, 1903, the 
conditions of which were such as to record a great 
deal of valuable data. The same organization has 
planned, for 1905, a 5,000-mile run. The German 
and the Bavarian Automobile Clubs, in conjunc¬ 
tion, hold, August 10 to 16, 1905, a reliability-tour 
over a course of about 620 miles, from Munich to 
Baden and Nuremberg, and back to Munich, in 
competition for the Herkomer trophy. The com¬ 
petition is open to all kinds of machines built and 
equipped solely for touring. A reliability-run of 
572 miles from Sydney to Melbourne, Australia, 

•Road maps are published by George A. Walker & Co., Boston, 
Mass., and C. S. Mendenhall, 512 Race Street, Cincinnati, O. 
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was held February 21 to 25, 1905, under the aus¬ 
pices of the Dunlop Tire Company. Sometime 
previous to this a run was held in India from Delhi 
to Bombay, 281 miles, by the India East Coast 
Automobile Association. 

The American touring contest of 1905 is that 
for the Glidden Cup, under the management of the 
A. A. A. The course will extend over 1,000 miles 
in New England, and great care will be taken to 
observe the running conditions of each car. Mr. 
C. J. Glidden, the donor of the trophy, is himself 
engaged in making a tour of the world in an auto¬ 
mobile, accompanied by his wife. Upon arrival 
at Sydney, Australia, March 11, 1905, Mr. Glidden 
had completed 23,247 miles in 195 days’ actual run¬ 
ning, having been the first to cross the Arctic Cir¬ 
cle in an automobile, August 16, 1903. He is to 
arrive in New York June 24, 1905, to take part 
in the New England tour. The remainder of his 
tour, as planned by Mr. Glidden, will take about 
three years. The expenses of the trip average 
about thirty dollars a day. 

As to the methods and paraphernalia of touring, 
it is possible to give the inexperienced any quan¬ 
tity of advice, good, bad, and indifferent. A man 
of average intelligence, who proposes a tour, will 
work out some system of his own, which will more 
or less correctly fit his case, and will be modified 
by experience. The experience of others is suggest¬ 
ive rather than final. The tendency of the novice 
is undoubtedly to take too much, rather than too lit- 
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tie, on the car. Personal baggage should be kept 
down to a minimum and as much of it as possible 
shipped ahead, to points where it will be needed. 
The first care must be to provide space on the car 
for vital parts of the power and running equip¬ 
ment, which, if broken, could not be replaced en 
route. Motor, carbureter, and ignition parts are of 
prime importance, while carriage-bolts and nuts 
are generally easy to obtain in populated districts. 
What shall be taken and what shall be left depend, 
in the case of each tour, on the locality to be cov¬ 
ered and the nature of the driving. In rough coun¬ 
try it is highly advisable to take a block and tackle 
and two jacks as well as a rubber cover for the 
machine. This last is very desirable on any tour 
where there is no certainty of being able to secure 
some kind of shelter for the machine in bad 
weather and at night. A rubber storm-apron cov¬ 
ering the driver and the mechanism, with aperture 
for the driver’s head, suggests itself for use on an 
open car in a tour of any length. With two jacks 
the car may be pried out of a hole where one jack 
would not raise it high enough for the block and 
fall to prove effective. If there is to be driving 
through soft, muddy roads, one of the various tire 
attachments for securing traction is positively es¬ 
sential. An improvised device is to wrap rope 
around the tires, but the chains sold for this pur¬ 
pose are quickly put on, last longest, and afford the 
maximum comfort under the conditions. The ad¬ 
venturous tourist, who is fond of life in the open, 
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may combine camping with bis trip by taking along 
one of the light army tents accommodating two peo¬ 
ple. A light and compact culinary outfit may be 
made up of aluminum ware. Many other “ wrin¬ 
kles ” and methods of getting pleasure out of the 
automobile will be adopted or originated by the 
enthusiastic tourist—and which of them will not 
become enthusiastic! “ Touring by automobile,” 
says Mr. Augustus T. Post, “ is like deep-sea sail¬ 
ing in a yacht. Just as you never know the sea 
till you are out upon it, dependent solely on your 
own resources and on the stanch craft beneath you, 
so you never really know the land, till you cruise 
along the open road, away from all the devices of 
man except the wonderful one which carries you; 
and the more you grow to know it and to find 
whither it will lead you, the more you grow to 
love it.” 

The following apt remarks by Mr. Percy P. 
Megargle, who has twice made the trip from New 
York to St. Louis and back, about 6,000 miles, and 
who, on the first occasion, started out without any 
previous experience of long-distance driving, con¬ 
tain some sound advice: 

“ To tour with genuine enjoyment, comfort, and enthusiasm, 
a happy medium should be used in all things. In the first 
place, do not start out with too large a machine, for if you do, 
and get stuck, it will take several horses and as many men to 
get you out. Again, if your machine is too small, it will not 
have power enough to carry you up the mountains, bound to 
be encountered on a long tour, and will be so near the ground 
that mud will prove troublesome. To be on the safe side, 
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therefore, get a machine of medium size, medium weight, and 
medium power. 

“ In providing your outfit strike a medium again. You 
could carry a load of supplies and equipment, weighing sev¬ 
eral hundred pounds, without half trying, or, again, take so 
few things that you would come to grief along the road some¬ 
where—of course when you least expect it. 

‘ ‘ There are several things of vital importance in an equip¬ 
ment, and I will name them briefly. Some of them will look 
strange to the club-house automobilist, who runs his machine 
over good pavements in fine weather, but they may come in 
mighty handy when you are stranded miles from the nearest 
village and nearly that distance from the nearest house. 

“In the first place, fit an extra gasoline-tank somewhere 
about your machine, one that will hold at least two gallons 
of that precious fluid. There are a thousand and one things 
that may happen to your main tank. It may run dry through 
inattention, it may leak, it may be filled with kerosene through 
mistake, and you may need that extra supply for divers reasons. 

“When you’ve looked after your gasoline, give the tire 
question a little careful consideration, and don’t forget that 
pump —the pump that will work as intended every time. If 
your tires are practically new when you start out, one extra 
outer casing.and two or three inner tubes should prove suf¬ 
ficient. Carry patching-rubber along with you, but bear in 
mind it is impossible to do anything more than make a tempo¬ 
rary repair job to an inner tube during hot weather, because no 
patch will hold unless it is vulcanized. If your car is equipped 
with clincher tires, don’t forget the tire irons. On my first New 
York-St. Louis automobile tour in the ‘ Elmore Pathfinder, ’ 
I ran our car 3,000 miles without a puncture. On the second 
trip I punctured four times the first day. 

“Other articles I would strongly advise every tourist to 
include in his kit are a large tin pail, single and double wood 
pulley with 50 yards of good strong rope, spade, jack, gallon 
can of cylinder oil, good gas Search-light mounted on swivel 
for reading sign-boards at night as well as picking out the 
road, coil of copper wire, two or three feet of small hose same 
size as your radiator pipes, and a complete set of tools, with 
possibly a duplicate steering-knuckle, extra chain, and such 
odd bolts, nuts, and screws as the factory will suggest. 
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Fording a stream and plowing through a Kansas road on Mr. Mcgargle’s 
tour from New York to St. Louis. 
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“Tourists should be well provided for rainy weather and 
should carry goggles. From 4 A.M. to 8 A. m. , and from 4 p.m. 
until 9 p.m.| are the hours known as ‘fly time,’ especially 
in the country, and it is positively necessary to wear goggles 
during those hours to protect the eyes from insects. 

“On the road, treat every horseman encountered with the 
same respect you would a member of your own family, and take 
it for granted every horse you meet is going to be frightened 
until he has proved differently. In this way you gain the 
friendship instead of the enmity of the ruralities, and avoid 
any chance of being held for manslaughter, through some 
accident resulting from a runaway. 

“ In case of a runaway or other accident, always stop and 
render such assistance as lies within your power. Do this for 
two reasons: You should be man enough to do so; if you are 
not, remember that all small country places are connected with 
each other by rural telephones and the constables and sheriffs 
get fees for all arrests they make. If you are arrested, it will 
go much easier with you if you have already made such res¬ 
toration as lay within your power; while, if brought back by 
an officer after having tried to escape, things will go pretty 
hard with you. In my 6,000-mile cruise in the * Pathfinder ’ 
last summer, I was never arrested, never paid a cent for dam¬ 
ages caused, and although indirectly responsible for several 
bad smash-ups in different States traversed, the injured parties 
are among my best friends to-day. 

“ And now a few words on the care of the machine used. 
The first thing to bear in mind is: Keep every bearing well 
oiled. The machine I used on my two trips last summer was 
oiled at least four times a day. I do not mean every part of 
the machine, but such as needed oil. That sounds ridiculous, 
even to the manufacturer, but that machine carried me 6,000 
miles without a break, without a worn-out bearing, and is 
to-day in as good condition as when I left New York last May. 
In figuring up what it had done after my trip, I made out that 
the fly-wheel had revolved some 42,000,000 times, and that 
the two cylinders had exploded some 84,000,000 times. Each 
wheel had revolved at least 6,000,000 times, and, as I said be¬ 
fore, proper oiling allowed the machinery to do all this with¬ 
out showing any effect of hard usage. ” 
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I 

AUTOMOBILE LEGISLATION 

PORTION OF AN ADDRESS BY WINTHROP E. SCARRITT, 
EX-PRESIDENT OF THE AUTOMOBILE CLUB 
OF AMERICA, BEFORE THE CLUB, 

FEBRUARY 7, 1905 

As automobilists, we have rights on the road. 
But these rights involve duties and responsibilities 
to other users of the highway. 

A few automobilists misuse their rights and run 
recklessly over the rights of others. But the abuse 
of a thing is no argument against its legitimate use. 
We suffer for the sins of a few. The tension 
between the public and the motorist grows tighter 
with every accident upon the highways. 

Disaster, which it will take years to remedy, will 
result unless the responsible users will themselves 
undertake to control the irresponsible users, and 
that very soon responsible gentlemen do not make 
the operation of their cars a menace to life and 
limbs upon the public highway. Ninety per cent 
of the trouble arises out of the fact that respon- 
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sible gentlemen allow irresponsible chauffeurs to 
run amuck, frightening people out of their wits, and 
leaving a trail of blue smoke and profanity in the 
wake of their cars. Some chauffeurs are careful 
and considerate, but most of them are a law unto 
themselves. It is quite possible for owners to stop 
all this. As long as reprehensible behavior is per¬ 
mitted, odium will rest upon the sport as a whole. 

It is a grave question whether any special auto¬ 
mobile legislation is constitutional. 

Why should we be singled out of the commu¬ 
nity and, nolens volens, put into the criminal class 
with a conspicuous number attached to our ve¬ 
hicles? The motorphobiac replies—you put your¬ 
selves in the criminal class when you drive your- 
car in excess of the legal limit. 

Accurate records taken in Central Park, River¬ 
side Drive, and Fifth Avenue, in this city, showed 
that every one of four hundred and thirty-seven 
horse-drawn vehicles exceeded the speed limit, and 
not a single arrest was made. Why should the law 
be enforced against one class of citizens and the 
same law be entirely ignored as to another class? 
Ordinarily, under our system of government, an ac¬ 
cused man is supposed to be innocent until he has 
been proved guilty. The exception to that rule is 
the automobilist. If an automobilist is arrested, 
the whole machinery of the law, from the officer 
making the arrest to the last court of appeal, ap¬ 
parently presupposes the man to be guilty, and 
he must prove his innocence or suffer the conse- 
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quences. Gentlemen of highest business character, 
whose word would be taken anywhere else under 
any circumstances at full value, are put under im¬ 
mediate suspicion when arrested for a supposed 
violation of the automobile law, and the word of 
any petty, prejudiced officer is allowed to offset 
their sworn statements. 

However, in the present condition of the public 
mind, perhaps it is quite as well that we should have 
legislation and endure certain evils rather than fly 
to those we know not of. 

I take it that the object of sound legislation is 
to protect the public, and yet not be so drastic that 
it will retard the development of this new and im¬ 
portant industry. Such a law must be definite in 
its provisions, easily understood, and the penalties 
must fit the offense. Such a law must be fair, so 
that it will have back of it the power of public sen¬ 
timent. 

I will now suggest what I regard as the most 
important provision of such a law. First, I must 
say that experienced automobilists who are fair 
and open-minded are far better qualified to draft 
such a law, one that will he practical in its work¬ 
ings, than those who know nothing of the automo¬ 
bile. This is self-evident. 

Analyzing the situation, we find that 90 per cent 
of the automobilists are careful in the use of their 
cars on the public highways, and such need not the 
restraining influence of any law. The 10 per cent 
who bring us all into disrepute are composed, for 
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the most part, of two classes: First, the rich, reck¬ 
less driver, to whom the imposition of a fine is 
no hardship; and, second, the reckless, dare-devil, 
harum-scarum chauffeur, who seems to delight in 
seeing how reckless and spectacular he can he in the 
use of his car. Therefore, no law will ever be effect¬ 
ive that does not have special regard to these two 
classes of offenders. Public sentiment will not 
justify locking these men up for a first offense, 
where no actual damage has resulted. A fine is 
paid and forgotten five minutes afterward. How, 
then, are these two classes of flagrant violators to be 
reached? I believe that the result may be obtained 
by a revocable license. 

First: Let every driver of a car receive a cer¬ 
tificate or license from the Secretary of State. On 
conviction, in addition to other penalties, for a first 
offense, let the certificate he revoked for a period 
of fifteen days, the trial magistrate indorsing on the 
certificate such revocation; for a second offense, a 
revocation of thirty days; for a third offense, a 
revocation for one year. For the rich owner to be 
deprived of the use of his car in this way would be 
humiliating, indeed. Every driver of a motor-car 
realizes the chief pleasure of motoring is in driving 
one’s own car. The rich culprit would be exceed¬ 
ingly careful not to lay himself liable to a second 
or a third conviction. In the case of a conviction 
of a reckless chauffeur, he would he out of employ¬ 
ment and his means of livelihood be taken from 
him, so that he, the most prolific source of trouble, 
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would have strong reasons for not getting into diffi¬ 
culty. The sentiment of the entire community 
would hack up such a law as this. 

Second: Public garages should be under the 
supervision of the law. 

a. They should be required to take out a license. 

b. To keep a record of each machine, showing 
the exact time it was taken out and the exact time it 
was brought back. 

c. The duplicate of this record should be fur¬ 
nished the owner of the car once a week. 

d. To allow no machine to go out without writ¬ 
ten order from the owner. 

Third: Concerning Chauffeurs: The following 
requirements: 

a. To take out a license. 

b. To keep a record of the car when it leaves 
and when it returns to the garage. 

c. To notify the owner of the car immediately 
when it becomes disabled. 

Fourth: All cars above 5 horse-power should 
be required to have two separate brakes, one of 
which should be double-acting. 

Fifth: No car should be permitted to run with 
the muffler open in the corporate limits of a village, 
town, or city. 

Sixth: The speed within corporate limits should 
be twelve miles an hour, except in thinly populated 
sections, where eighteen miles per hour should be 
permitted, and thirty miles per hour in the open 
country. But no speed should he allowed greater 
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than is safe and consistent with conditions of traffic 
on the highway. These, in the main, would, I take 
it, be the general provisions of a sane and sensible 
law; one that in its practical workings would, if 
fairly and honestly enforced, protect the public and 
do no violence to the new industry. 


II 

RACING RULES 

The American Automobile Association, embra¬ 
cing in its membership the principal automobile 
clubs of the United States, was formed in March, 
1902, one of its functions being to regulate and 
control automobile racing in the United States. 
All authorized race meets in the United States 
are now held upon sanction from and under the 
Racing Rules of that Association. 

GORDON BENNETT CUP RULES 

AUTOMOBILE CLUB OF FRANCE 
SOCIETY FOR THE ADVANCEMENT OF AUTOMOBILES, 
6 PLACE DE LA CONCORDE, PARIS 
RULES FOR THE GORDON BENNETT CUP 
(Liberal Translation) 

Note.—The term “Holding Club ” is used in these rules to 
designate the Club which is the actual custodian of the Gordon 
Bennett Cup. 

The Automobile Club of France is the guardian 
of a cup donated by Mr. Gordon Bennett, which is 
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intended as an international challenge trophy. It 
shall be competed for under the following condi¬ 
tions : 

i 

Every foreign Automobile Club recognized by 
the Automobile Club of France is entitled to chal¬ 
lenge for the cup and to dispute the possession of 
it with the Holding Club. 

ii 

The clubs recognized are: The Automobile Club 
of Belgium; the Automobile Club of Austria; the 
Swiss Automobile Club; the Automobile Club of 
Turin; the Automobile Club of Great Britain and 
Ireland; the Automobile Club of Germany, and the 
Automobile Club of America. 

Any Club not mentioned in this list, desiring 
to be added thereto, must be accepted by a majority 
of the above-named Clubs, providing this majority 
include the one or more Clubs of the same country 
already recognized. Its name will then be added 
to the list and it will enjoy all the privileges of the 
recognized Clubs. 

It is, nevertheless, well understood that on the 
motion of one Club, duly carried, any Club may be 
struck off this list. 


hi 


Every qualified Club wishing to challenge the 
Holding Club for the cup shall notify the latter of 
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its intention before the first day of January in each 
year, by registered letter addressed to its President, 
and shall state the number of vehicles which will 
take part in the race. It shall also deposit with 
the Holding Club the sum of Three Thousand 
Francs. This sum shall be refunded if one of its 
representatives presents himself at the start. The 
President of the Automobile Club of France, even 
though his Club does not take part in the race, 
shall always be informed by registered letter. 

iv 

Each Club may be represented by one, two, or 
three vehicles, at its option, but the fact of its using 
but one or two shall not debar the other Clubs from, 
exercising the right to use three. 

If two or more clubs of the same country 
should be admitted to the list of recognized Clubs, 
it is well understood that that country can be 
represented by no more than three vehicles all 
told. 

The Clubs of the same country shall in such a 
case have to agree among themselves which of their 
vehicles shall take part in the race. In case of a 
disagreement, the vehicles shall be chosen in the 
order of entry. 


v 

The Cup may be competed for every year 
between the fifteenth day of May and the fifteenth 
day of August. 
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The exact date shall be determined by mutual 
agreement of the interested Clubs before the first 
day of February in every year. 

VI 

In the case of the Holding Club receiving chal¬ 
lenges from several Clubs in due time, there shall 
be but one race wherein the challenging Clubs and 
the Holding Club shall be represented by not more 
than three vehicles each. 

VII 

Vehicles qualified to compete must conform to 
the definition of the vehicle, as given in the Racing 
Rules of the Automobile Club of France, to wit: 

The carriage shall weigh at least 400 kilos and 
not more than 1,000 kilos, and shall carry at least 
.two passengers, side by side, of an average mini¬ 
mum weight of sixty kilos each, it being understood 
that in case the average weight of the passenger 
should not amount to sixty kilos, the balance shall 
be made up by ballast. 

The carriage shall he weighed empty. By 
empty is meant without passengers or supplies 
(coal, petroleum, water, accumulators) and with¬ 
out tools or extra pieces, or baggage, dress, or 
provisions. 

Carriages which generate the necessary energy 
for lighting purposes from a mechanical device run 
by their motors shall he given an allowance of 
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seven kilos. The weight of the lanterns and horns 
is not comprised in the weight of the vehicles, but 
only that of the lantern-holders. 

VIII 

The carriages in each and every one of their 
parts shall be entirely constructed in the country 
of the Clubs which they represent. 

IX 

The carriages shall be operated by drivers ap¬ 
pointed by the Competing Clubs. Their two seats 
shall be occupied during the entire duration of the 
Race. 

x 

A Commission shall act for the enforcement of 
these rules. Each competing Club shall nominate 
a delegate. Mr. Gordon Bennett shall always be 
an ex-officio member of this Commission. The Au¬ 
tomobile Club of France, even though it does not 
take part in the race, shall also ex-officio be repre¬ 
sented by a delegate in the Commission. 

The delegates shall name outside of their own 
number a President, who, in case of a tie vote, shall 
cast the deciding ballot. If the delegates should 
not be able to agree upon the choice of a President, 
then he shall be appointed ex-officio by Mr. Gordon 
Bennett, or in his default, by the President of the 
Automobile Club of France. 

The Commission shall appoint a starter, an 
umpire at the finish, and timekeepers. They shall 
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not be bound to select such officers from among 
their own number. 

The Commission is charged with the duty of 
enforcing strictly these rules and of passing upon 
and deciding all incidents which may occur. 

The race shall be confirmed by this Commission. 

XI 

The race shall be held on a road, in a single 
stage, of a distance not less than five hundred and 
fifty kilometers (550 km.), and not more than six 
hundred and fifty kilometers (650 km.). This dis¬ 
tance may be taken from one city to another, or 
may be divided into several round trips, each par¬ 
tial trip to be not less than one hundred and 
twenty-five kilometers. 

The Holding Club shall choose the route; it shall 
make the same known in an exact and detailed man- 
■ ner by registered mail to the Challenging Clubs at 
least three months before the date fixed for the race. 

If, after such notification, a change of itinerary 
should be made, the same shall be communicated at 
once by registered mail to the competing Clubs. 
No such change shall be permitted except in case 
of absolute necessity and only after receiving the 
approval of the Commission provided for by Ar¬ 
ticle X hereof. 

XII 

The race shall be run in the country where the 
Cup is held. 
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The Holding Club, however, shall always have 
the right to run the race in France. 

XIII 

Starting shall be at intervals of two minutes. 
The order shall he as follows: First a carriage of 
the team of the Holding Club; then a carriage of 
each of the teams of the contesting Clubs, beginning 
with the Club whose challenge was first received; 
then the second carriage of the Holding Club, fol¬ 
lowed in the same order by the second carriages of 
the other Clubs. Finally the third carriages in the 
same order. 

xiv 

The carriage which shall cover the distance in 
the shortest time shall be declared the winner, and 
shall win the Cup for its Club, even though it be 
the only one of its team to finish the course. 

xv 

In case of a dead-heat between the Holding Club 
and one of the challenging Clubs, the Holding Club 
shall keep the Cup. 


XVI 

In case of a dead-heat between two challenging 
Clubs for the first place, they shall race over again, 
under these rules, within a period of two months, 
it being understood that the end of such period may 
be later than provided for by Article V hereof. 
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In case the two Clubs should not be able to 
agree for the choice of the route, they shall draw 
lots. 

Should one of the Clubs refuse to run again, 
the other Club shall ipso facto become the holder of 
the Cup. 

XVII 

Within fifteen days after the confirmation of 
the race, the Cup shall be handed over to the cus¬ 
tody of the winner. In case of a dead-heat and 
pending the running off of the same, the Cup shall 
remain in the custody of the Holding Club. 

XVIII 

If one of the challenging Clubs should be alone 
represented at the start, it shall cover the whole 
course within a maximum time to he fixed by the 
Commission provided for by Article X hereof. A 
failure to do so shall entitle the Holding Club to 
keep the Cup. 

XIX 

It is well understood that no Club shall ever 
become the owner of the Cup; it may only be the 
holder thereof, subject to these rules. 

XX 

In case the Holding Club should cease to exist, 
the Cup shall be handed over to Mr. Gordon Ben¬ 
nett, or in his default, to the Automobile Club of 
France. 
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XXI 

The races for the Cup, whether they take place 
in France or in another country, shall always be 
subject to the Racing Rules of the Automobile Club 
of France. 

XXII 

The expenses for the transportation of the car¬ 
riages and of their equipments, for combustibles, 
etc., shall be borne by the owners of the vehicles or 
by the Clubs which they represent. 

XXIII 

The traveling expenses of the members of the 
Commission provided for by Article X hereof shall 
be borne by the Clubs which they represent. 

The expenses for the organization of the race 
itself (compensation and traveling expenses of 
timekeepers, posters, tips along the course, etc.) 
shall be disbursed by the Holding Club. After the 
race they shall be divided equally between the Hold¬ 
ing and the challenging Clubs. It is agreed that the 
sums due from the challenging Clubs which did not 
take part in the race (and which thereby have for¬ 
feited to the Holding Club the Three Thousand 
Francs named in Article III hereof) shall be paid 
by the Holding Club. 

XXIV 

All Clubs, whether holding the Cup or challen¬ 
ging for it, thereby agree absolutely to conform 
strictly to all the Articles of these Rules and in 
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cases not herein provided for, to conform to all the 
Articles of the Eoad Racing Rules of the Automo¬ 
bile Club of France. 


Ill 

EVENTS OF THE OKMOND—DAYTONA TOURNAMENT 
HELD AT ORMOND, FLA., JANUARY 23-28, 1905 

1. One hundred miles. International. For the 

W. K. Vanderbilt, Jr., trophy. 

2. One mile. International Championship. For 

the Sir Thomas Dewar challenge trophy. 

No more than four cars will he run in a 
heat; a second round of heats will be run, 
if necessary. The winner of each heat (or 
second round of heats, as the case may be) 
and the fastest second car to compete in 
the final. Further conditions as specified 
in deed of gift. 

3. One mile. Time trials. Classes A, B, and C. 

(Class A, 1,432 to 2,204 pounds; B, 851 to 

1,432 pounds; C, 551 to 851 pounds.) 

4. One kilometer. Time Trials. Classes A, B, 

and C. (Class A, 1,432 to 2,204 pounds; B, 

851 to 1,432 pounds; C, 551 to 851 pounds.) 

5. Ten miles. Ormond Derby, Open. For the 

Major C. J. S. Miller trophy. 

6. Fifty miles. Daytona Handicap, Open. For 

the F. E. C. A. A. challenge cup. 

Conditions as specified in deed of gift. 
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